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ABSTRACT 


A primary concern among industrial arts teachers has 
been the apathetic attitude of students regarding the 
electricity area. This study was carried out in an attempt 
to improve student reaction to the learning of selected 
concepts of electricity. An operating automobile electrical 
system was utilized as an audiovisual aid. 

An investigation of learning psychology indicated some 
agreement on a number of generalizations that appeared help- 
ful for designing audiovisual materials. Comparing the 
capabilities of an operating automobile engine to these 
generalizations was considered sufficient justification for 
the selection of an operating automobile electrical system 
as an audiovisual aid. 

Concepts of electricity that an operating auto- 
mobile electrical system could teach were selected from the 
Junior High School Curriculum Guide for Industrial Arts 
(Department of Education, 1969). A student workbook was 
designed to aid the teaching of those concepts selected. 

The instructional activities were evaluated in a 
short feasibility study. Although the study was not designed 
to compare learning by alternate methods, it seems safe to 
say that some learning definitely occurred. The relevancy 


of the automobile appeared to be a positive motivational 


acy. 
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factor. 

some activities contained too much research and to 
little “hands on" activity with the electrical system. 
Activities varied considerably in difficulty and time 
required. 

To improve the efficiency of the instructional aid, 
the writer would suggest reducing in size a complete auto- 
mobile chassis with all systems operable. Such an aid 


could then be utilized in several areas. 


a oe 
obtiye Iandsrub te eit Waite can a 


- ath tine qrlslenengh ma ‘ghdeebganee betaey 0k 
join Lanois aver eel wil? tn yomescults eft etosgat of 

~otus afelqqot # efiu mf Gnéandot Faeyue slow indian ond 

bia ma tobe .b/eetao senelys Lin Ati sigends liven 


emacs fexeyeo Gf Bastifien od noi? Slues 


~y 


ACKNOWLEDGEMENTS 


The writer wishes to express a sincere thank you to 
those who made this study possible. 

To Dr. A. Meyers, who unfortunately left on sabbatical 
just before the completion of the study, for his guidance 
and encouragement when it was most needed. 

To Assistant Professor D. W. Manuel who stepped in and 
notably fulfilled the supervisory task of bringing the study 
to a close. 

£O Dre Viemt se Dee LLOtitoand. Dr. kK. be Bowers: tor their 
helpful suggestions as members of the advisory committee. 

To Mrs. Louise Wickware who typed the final manuscript. 

To my schildren, Darryl, Patti Rae, and Craig, who 
although too young to understand the whole business coop- 
erated to aid completion of the study. 

Finally to my good wife Jean for her constant encourage-— 


ment, her endless typing, and her humor. 


vi 


Lestbaddun sii. OAL pigrecnsoetind ude ,-2nnes sk <2 off 
worabisg «it Yos yfutu edt To coigebnes edt anaes Faye | 
-enGdt pAbe: AGW £2 onde sueMR ANN SEM) 

Mee et Segoure oe deyaat WW od te2ew ios" pnateseea of 


qheta ot2 geiyotw fo inl wtooivieqie anv ba ffitivt yideden. —% 
i Ce fe 
: niee? <0 Hees Wt ae Ge Aged! oO 4 6. 
rr) fetedacn® ““reetrha eid. Ye ofatneat ha moO Etenyee idtqfad 
eteiieiedet Sod/). aft. beget of aemintY setued ent ot 
= ot ened ine ea Steet: piped iio ya om 
7 ageo> aeaictesn? elone ott Knedowher od sneiy od yvcithle’: ny 
7 iquebe sf? tq actdutgied ble ot Seteie ~ 
. Deepens tantanid tne int mat ees “sang ow af wblaatt 


liaih vai hice, upline iain “ak, Vena 


_ 


CHAPTER 


I. 


Il. 


INORG Bie 


Purpose of the Study .. Spats, Pee 


TABLE OF CONTENTS 


THE PRO BL EM e e e e e e e e e e e@ e e e e e e 


TNUROAUGtLOM oasis Thee, Sa 
Methodology and the Study of Electricity 


The Procedure of the Study 
DELIA GLONS se vew ss aes 6 
at al sets OTS ean ween cen eets 6 
BS SUN yO) Ses: Rv ceBiec is 


e e ° ° 
e e 
e e e ° e 


REV Neto UA Dea A TURE, | secs) fet a selene 


The Significance of Electricity as an Area 

ORES A GD UC ly Be Pr Ra ie gts ee sac ees, os Fs 
Prominent, enerey: SOURCE Ganmpius - «2 6 5 
Pollution rec enerey sis («= betes ms 

Spubvew OL Research 3) se... Bie pea ble 


Rationale for the Utilization of an Operating 


Automobile Electrical System as an Instruc-— 
rep chet he a ee Pee eats 55 . 
The Necessity of Audiovisual ‘Materials. ° 
Guidelines for Designing Audiovisual 
Merrie Te Set S68 oe" be) ohio ies entas Ce He 
FOROS GLO: 6. 6 «6 >) 
Communication .. . 
Psychology of learning 
Learning Theories .. 


e e 
e e e e 
° e 

e 


Learning Theories Related to “the Design Or 


Audiovisual Materials .. 


An Operating Automobile Blectrical “System 


eNsmige hahaa 4 omens Ohare meral- Wee Cheon on ee es ey ye ems 
pummary e e e ” e e e e e e es e e e e e e e 


PROC OUR On i iiresyc UMN: | ee a fee re es estate eras 


Design for the Utilization of an Operating 
Automobile Electrical System as an 
Tnetructionpal bio Baws) ai 2s ne ‘; sets 
Rationale for the Utilization of an 
Operating Automobile Electrical System as 
have Walcmmae ren nalengrs ice MCh Ss EP Be ey ore 
Production of Instructional Activities 


Utilizing an Operating Automobile Electrical 


System as an Instructional Aid ...... 


vil 


PAGE 


— 


\O CON OV OUI NM = 


29 


30 


30 


ae, 


oo 


tut ~ es wd | arta, 
s eee wlel ho wee ek ele ee , meme eet yates! 


nm 


t ® 
7 
' s «6 ee « @® & ‘is Sa ae e « 4 no croubeneeh 
s . ioivéoelaZ to we af? tice yaoicho 7 
: . * so = t &® * * * «+ * whois Shr ts seugqsue: a 
» @¢ « + he @>8 a youve’ ong ie a ush? ots eat 
4 ‘+s <=» « .& <_s' 08 ae # s° sw PSI in fYed a 
T - » “o pw’ € Bist 2! o SC eee Aw 8, © ot snigide? dete “~ . a 
e e « e- @» 60 @” oF 6X . «© * &» &@ @ & ans 7 caeeRh ri 
7 ’ 
: if . o le te aS) ATE CstAizn UO Werval > > Co 
>. esth Sa ae ytnodctoelE to woansitiagit ea? 2A 
* 2 en’) Gn® © Sh 6. B*) * 04 @* © yours to G 
e L + bw hehe Goa TPOR gy renD jpenames't 
: rt se £4 408 & «= *> 4 Vyrenr se? eoteulled | 
tt ack er ee dyiscneh To Yoviwd j 
ga rteren® ted 20 pbs piaed ody yt aiaxrottel iA 
—outdel we br wefaye fecixtoelg elidemotvs 
> or rw . » « « eta Detoce 
af a * wlerverida twrek ve rtutl to yt tegpoell aif . 
; iagerenibdd pu tiained 167 saa: fabled a 
. a’ oe eh ae oF tb re a. 
° ° - ° * * e é ¢ “a ¢ * noisqecis? 
> «© fe #,°*, @ a ae a ee 2 fteo lagen) : 
5 i eal ce BERLE Lcacare tp a pan i 
a (Y si\ee'e aw > 2! per, 
6 maples = A intial at ee ga iwitae.i 
AW @ tae Riustedet Jaye cyo Loss, 
ap faye a teiiséeth ykidomatwd geiterqd oA 
~ «+ © © #&) ®& 7 >= # LA Lane tiostanst im &> 
+ 278% @: & My ysis =e © Ow & S'S Viasat : 


peek cei) 2 = MARE eer 29 semEOONS str! § 
ara ua om 


CHAPTER PAGE 


IV. 


V6 


Identification and Selection of Electrical 


VONCEDUS  TOmbDo sl aueilusly. sale ties tees ceca, 30 
em Seo aO Iarbas ta Cit yoeeur, aaron cat itsai oh os a 31 
Bee aC iVemr cm terete ae te me Se cee ond Th. be Ba 
CC. sources of Electricity BO Boece et 34 
D. Controlling Electric Energy . . ° B22 

Ke Educational and Occupational 
PROF CC Ud OFS hil ane coms) “she a st oer 6. beat 5s a2 
Liao ruCuLOuc mA CULY Eu LeO mite! tse Bel toute «aes Ba 
See oOunc CSO ma LOCUrLC1 Uy 1m sucsuete lence 33 
BemecOnucolling BE Lectri Citys.) sl cne ewes els. = 43 
Ge UNG sO OTe test ee ee tlts to iuelss ais ome ts ine 33 
UA FE Opie Yas Ul Lee ite wicn 168 er otto Ns) xe ue et erate ears a5 
New Webs al ot=ts Seg Pe ry OG Lh re a ey eee So Tee Be 
COMSUTPUCULONYOi» HAarGware Temes 4) sueceire er tate 35 
DELECCUVOM OD D LUCEMUS cs <s) be. 6 Go. so) 6) Sete ge cos Sq 
Control soteAcCtIViULeS 3.5 6 ies ole bo: eee et odes au 
DataeCOPVeCTOCUy wea scites i eturs! Wat etet coc fe Re) es Ba Sets ie 38 
DUMMIES Ty enemas a tele rue cn cet estate Wee ie pit eM talen Us) Welain sl reine 40 


SUMMARY, CONCLUSIONS, AND IMPLICATIONS ... .- 41 


SIU Lew Pe I CE A ech) te cor ear ao mech aye 41 
Conclusions =. . ss \s atiat? Get ee ey eee 42 
Purposes of the Study ey a eee ee ee ee 42 
Feasibility Study . Seals cuca Malyne acto ere etter 42 
imp lacat LOMS asm eh iss ce Sat uE oi Led “or ine-otel vet cinsoeize 44 
Suggestions .. . OF CS. ti aed 44 


Hardware . .« « « 
DOLEWAYC ©. ss % 
Further Research 


es e e e e ® e @ e e e e 44 


BIBLIOGRAPHY e e ® ° e @ e e @ @ ° © ® @ e e ° e _@ e 47 


APPENDIX 


Ae 


C. 


Student Workbook for Utilization of an Operating 
Automobile Electrical System to Teach Selected 
Concepts of Electricity at the Junior High 

DONOOL VeVEL. sc. 406. ven ele ce bec elas Selle fen + eins ue 53 
Teacher's Manual 54 © “ete iss 16 6 e «1 « «© s))s 102 


Photograph of Hardware . . « « « « « © © « « » Vad 


a ga 


st 
St 
tt 
= 
‘f 


ae 


a a a 


yun 


- : a - 
iufowld to mobteelat hue aottecttitnest 
esata dace ie qignet et of atqeaned 


a 


ov. we = «= «18 @ wit tugerd bole 46 eee : _ 
* 7 ° . > «+ & © * ; ~ , + 
1 * = ® © 7 + @ by Te * © Vase etae ' mi : a 
ee. *- © @&°* ' dktoprise(h Ie Pi tet ith) a0 _ 
se + © & eBIe oiawoald gnilios?nod ats 
lenolteques bus Tenotfoobd .o + 
7. 6  * & * & a a ae anoiéba,o1t 7 
we cw a no, Bebe evitoA Lanoitaute eal 2 
1 a ww se  6«MPORPeLT io asomros «A ah WS 
oe a Ye « WRSSEAPSOLT pacliowacy ««e : 
; * * si e°*t er we + 6 6 natvesd C220 “A - : - 
_ a 
pie eek we ele oe ole 4 OOURES YULETEAT «7 
s" 
ew ae et eth iets sn, Jes aa 
wie a a arawhial to nottomieded a 7 
a . Oa a alee « BiHede Yo cetiselse - 
* @® « © + @ eh ee © =F aeit7ivitsar 70 loutmay ty : 
6k wpe eee le ee Ms? hoe ps SOR ROS Bem, 1! de 
eo « ¢€ @& ls s «4 it 2 ~* + «© = * (iseene a g - ; 
_ 
; BHOUTAOL ITAL CHA ,QHOTOUTOMOD TAM 4, 
. a ® * ‘ . ele . . e + * «a - ° ° “ys erradlsG 
el ee : ace sy ae os eo BOREAS 
. ~ eb bas 4 » UbONS Bilt Go Bapoguet 
v2 08 WES ais eo = e MBUG Yet ee ceaes 7 
ee Bbw ele ® abate le ef 6) ee «ROSITA ELEM 
» Po ee en ee ee ee ee « @ enolisceg we 
sie *& © @« #28 © 2 © * @ © *& © 8 guwh i - 
- * + 8 8s 204 4 (eo © Ow Oe « sitwitts 7) _ 
4 «) & #&° © > 6 8 . wo neoveseen “edStus 
' im a 
se e -» es wlse « « «5% @ 9) @ & oe @ oy YWLASOOTIETS : 
Ae 


: - c 
—itttered® me to mortegi Ciel! 20% xoods “OW fasbuse oA, 


boteolse dob9T of gaveys L[ooinfos 


Ags 4OtHut eit fo gilufitoste to evgqesnoo 


, #0 * *4,,% “ee > 8 © > isved 4 


- a 
— 


> - 
; :. Jaw 
eos © a 


(shin 


ae 


y 


Lt 


Seemann 


al ivokoty 
Mtoe 


TABLES 


TABLE PAGE 


in) wUlMearyaOt OLUdentereriormance « «5, 4 & % 5% 39 


is 


PLATE 
1. 


PLATES 


Photograph of Hardware. . 


PETS 


CHAPTER I 
THE PROBLEM 


introduction 

In June of 1967 a teacher in southern Alberta gave 
his 61 grade eight students a questionnaire concerning 
industrial arts=activities (Harder*and Day, T9O7s"p. 10, 11). 
Among other findings he discovered that students disagreed 
on their area of preference but agreed on the least desir-—- 
able area. Such results could be expected in most junior 
high school industrial arts laboratories today. We expect 
and desire disagreement on a preferred area, but there is 
cause for alarm when students agree that the least desirable 
area is electricity! 

Since students dislike electricity, one might ques- 
Tronette 1ncClusion an wie curriculum. However, upon 
reflection, it is evident that electricity is a well founded 
area of study by reasons of its contributions to mankind-- 
past, present, and future. 

Provided students should study electricity, what 
factors could have created this apparent disinterest? 
Possibly Nelson's (1968) comment is applicable. 

Youth, wherever you find them, are petnnene to 


discriminate sharply between relevant and irrelevant 
education experiences. They are beginning to demand 
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something out of education not necessarily produced 
by mere compulsory attendance (p. 47). 


If what is taught is relevant, it is probable that the 
problem lies in the methodology of teaching. This will be 


tne ares Of Concern for: this study. 


Methodology and the Study of Hlectricity 


While many of the subject areas in industrial arts 
lend themselves to learning through the construction of 
carefully designed products, electricity is one of the 
exceptions.» Products are not suitable in electricity, for 
Such reasons as: time, cost, limited opportunity for 
experimentation, and limited correlation to objectives of 
the course (Gerrish, 1968, p. 26). 

An alternative to the conventional project is a 
teaching system which uses solderless connectors and pre- 
mounted components to construct temporary circuits. It is 
known by a variety of names: circuit board, wiring board, 
and quick-connect method (Baker, Fowler, and Schuler, 1967, 
p. 55). Included in the system are a student workbook, a 
textbook, and a teachers' guide. 

Such systems offer many advantages. The course con- 
tent of most systems meets accepted standards regardless of 
the experience and knowledge of the teacher. Exact cost of 
the course is easily budgeted. Fast assembly and disassembly 
of experiments provides for maximum usage of students! time 
thus allowing a wide range of material to be covered. Their 


self-instructional nature leaves the teacher with more time 
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3 
for individual instruction. Inventory control is simplified. 
A teacher can confidently train himself (Gerrish, 1968, 
peecy)e 

However, such systems also have disadvantages. Most 
Systems are designed for specific learning activities thus 
restricting research and development. Few systems provide 
for modification of existing components with technological 
Change. Many systems are advertised as being suitable for 
junior-senior high school instruction, but such systems 
often are in too much detail for junior high school students. 
This is understandable as many systems were initially 
designed for use in military, industrial, technical, and 
trade schools (Pankowski, 1968, p. 40, 41). Furthermore, 
all too often the experiments are not meaningful to many 
students. They conduct the manual exercises without recog- 
nizing the underlying concepts or principles (Trudeau, 1967, 
p. 94). 

Complicating both the media selection and the media 
utilization problem, teachers also face other prob- 
lems which are the result of the current educational 
scene--increased range of ability to be dealt with 
ifiean, “education ior all’ milieu, the need tor 
educational acceleration, the ‘knowledge explosion!', 
the 'comprehensive school' (Briggs, Campeau, Gagne, 
eandeMiay.. 1967) ied)’. 

Although there has been an exponential development in 
communications technology (Harder and Day, 1967, p. 2), 
all to often, Herrick (1966) alleges, industrial arts 


teachers present to classes ".. . separated segments of 


content in the hope that the unsophisticated learner will 


grasp the particles, connect them, and acquire the knowledge 
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or behavior desired (p. 59)." 

However, Bruner's (1967, p. 31-32) observation is a 
reminder of the fallacy of this methodology. Such teaching 
makes it difficult for students to relate new learning to 
past and future learning. To create interest, learning 
must be useable beyond the situation in which the learning 
occurred. Unstructured knowledge that cannot be tied 
together is likely to be forgotten. 

Feirer (1969) reflects that: 

In spite of all that has been written about audio- 
visual education and instructional technology, the 
fact remains that the varying techniques now 
available have made very little inroad into the 
average industrial education program (p. 15). 

The truth of this statement is reiterated when 
one surveys the Alberta Junior High School Curriculum 
Guide for Industrial Arts (1969). It contains suggestions 
like the following: "Predesigned and programmed laboratory 
exercises will assist in the degree of student under- 
standings (p. 6)." "The use of a product, whether 
individually produced, mass-produced or co-operatively 
developed, creates strong motivation for learning the 
concepts introduced (p. 51)." The suggested instructional 
media for the electricity area include one textbook and some 
pamphlets that one might obtain from a counselling and 
guidance office (p. 52-58). 

Why have innovative techniques of instruction found 


limited usage in the classroom? 


Barnard (1969) comments: 
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Unfortunately, the development of the so called 
"new media' tools has always been far ahead of 
the nations’ teachers' ability to acquire and 
harness them to the specific software that will 
really realize the potential of the teaching 
devices (p. 16):. 


Wendt (1957) reasons: 
Busy teachers believe that it is easier to talk and 
to assign readings in the textbook than it is to 
spend time and effort selecting and using audio- 
visual materials. The ease with which words can be 
used in teaching constitutes their great danger to 
ecucati0me. ( . - .) | Weeforses that they are an 
artificial means of communication. We forget that 
the important thing in life is the meanings that 
we carry in our heads. We forget that teachers 
are trying to communicate meanings and that words 
and language are only an incidental means of doing 
this. We forget that they need to have rich ex- 
periences as well as an adequate vocabulary to 
describe their experiences (p. 30). 

Whatever the reason, teaching methodology in the study 

of electricity is not utilizing the innovative potential 


available. Thus the significance of this study. 


Purpose of the Study 


Confronted with the need to augment student interest 
in the study of electricity, the general purpose of this 
study was to design, produce, and test the feasibility of 
an instructional aid for the study of electricity at the 
junior high school level. The specific purposes of the 
study were: 

1. Justify the selection of an operating automobile 
electrical systemas an instructional aid for teaching 
selected concepts of electricity. 


2. State the selected concepts of electricity that 
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instructional activities would teach. 

3. Design and produce instructional activities 
utilizing an operating automobile electrical system to teach 
selected concepts of electricity. 

4. Conduct a feasibility study to determine if the 
instructional activities would teach selected concepts of 


elec tricicy. 


PhesPuoceduresot athe: Study 


The utilization of an operating automobile electrical 
aoieene as an instructional aid was justified by comparing 
its capabilities to the requirements of an instructional aid 
as suggested by learning theory. 

Concepts of electricity to be taught were selected 
from the Alberta Junior High School Curriculum Guide for 
Industrial Arts. Only those concepts demonstrable by an 
operating automobile electrical system were selected. 

An automobile engine was mounted on a stand and made 
operable. A student workbook was designed and produced. 

It contained 14 activities which utilized the operating 
automobile electrical system to teach selected concepts of 
electricity. 

Moudetermine if the instructional sactivities would 
teach selected concepts of electricity, a small feasibility 


study was conducted, 


Definitions 


Because some of the terms used in this study have a 
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7 
variety of meanings they are here defined in order to avoid 
ambiguity. 

Electricity--"a form of energy present when elec-— 

trons move through circuits (Buban et al, 1964, 

pe 437)." 

Blectronics-—"the study of electrons and how they 


move through space and through special conducting 
materials (Buban et al, 1964, p. 437)." 


Instructional activity--an activity by means of 
which the learning process can be carried on. 


Instructional aid--"activity or illustrative mate- 
rial by means of which the learning process may be 
encouraged or carried on; includes audio and visual 


aids a well as other sensory aids (Good, 1959, 
p. 22). 


Concepts of electricity-—-abstract general notions 
about electricity as stated in the Alberta Junior 


High School Curriculum Guide for Industrial Arts 
I SERS AEDT SAR CEO ao ee 
these concepts are parceled into sub-concepts to 
facilitate and organize teaching. 
Limitations 
This study was concerned with only selected concepts 
of electricity. Such a limitation was necessary because an 
automobile electrical system utilizes electricity of a direct 
current nature or a pulsating direct current nature. 
Futhermore, an operating automobile electrical system like 
most teaching devices has inherent restrictions. 
The main purpose was to augment student interest in 
the study of junior high school electricity, not to com-— 
pare the operating automobile electrical system as an 


instructional aid to other devices. Thus the feasibility 


study is brief and uncomprehensive. 
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Assumptions 


The fact that electricity is a required area of study 
in the Alberta Junior High School Curriculum Guide for 
Industrial Arts (1969) implies that pupils need knowledge 
and appreciation of this area in order to be effective 
participating members of our industrial society. 

If an operating automobile electrical system can be 
utilized to teach some concepts of electricity to junior 


high school students it will be useful. 
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CHAPTER II 


REVIEW OF RELATED LITERATURE 
This chapter is divided into three main divisions. 
Part one discusses the significance of electricity as an 
area of study. Portion two comprises a survey of research 
in industrial arts education. Item three presents a ration- 
ale for the utilization of an operating automobile electrical 


system as an instructional aid. 


ine wieniticance of UleCtricity as an Area On puudy 


The ability of electricity to serve mankind has become 
such an integral part of our modern way of life that we 
seldom realize how recently this genie has been harnessed 
for service (Crow, 1967, ps. 18). 

Prominent energy source. Leach (1965) reminds us that, 
ever since man made the first tools some 400,000 years ago, 
progress of civilization has largely depended upon harnessing 
energy and developing new sources. 

From muscle slavery, man progressed to sails and wind- 
mills, water-mills, gunpowder, and finally the family of 
heat engines. With the era of heat engines, fuel acqui- 
Sition became an ever present concern. Using wood as a 
fuel appeared to spell extinction for the forests. But coal 
was found to be a useful fuel and the pressure on the forests 
was relieved. Before coal reserves were depleted Otto 
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10 
invented the internal combustion engine and liquid fuel 
began to replace coal. With the heavy drain on liquid 
fuels they have recently been supplemented by natural gas. 
Man's present concern is the eventual exhaustion of both 
liquid fuel and natural gas reserves. 

Electricity is rather a young energy source. But due 
to increasingly efficient production, ease of transport, and 
extreme flexibility, electricity is fast becoming the energy 
source of the future (Leach, 1965, p. 9-16). Since the 
first electric service was inaugurated some ninety years 
ago, the growth of the utility industry in economically 
advanced societies has doubled every ten years (Sporn, 

1966, p. 2-3). 

Electricity is one of the most important sources of 
energy in the world today--it is used almost everywhere 
(Mileaf, 1966, p. 1). Brady (1963, p. 296) adequately 
expresses the importance of electricity when he labels it 
the most important agent of our modern industrial system. 

Buban, Schmitt, and Kirchner (1964, p. 2-3) suggest 
that without electricity life today would be similar to 
pioneer days. To think of communications as we know them 
would be absurd. Electrically operated telephones, tele- 
graphs, radios, televisions, and space satellites now 
facilitate almost instant communication all about the globe. 
Printing presses powered by electricity produce seemingly 
endless amounts of printed material. Newspapers even carry 


pictures sent by electrical means. 
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Air, land, and sea teem with vehicles utilizing 
electricity. Aided by an array of electrical devices, they 
deliver goods and services, quickly and safely, almost 
everywhere. 

The host of electrically operated labour saving 
devices in the home and the world of work have now invaded 
the agricultural scene. Sporn (1966) remarks that human 
Jaberstorefarmichoresrsuch asses (grain thandling) (milking; 
stock feeding, and watering can now be substituted by 
electric applications; GblLectricitycistalsomutirizedrin: 
environmental control for cattle, poultry, and swine; 
hydroponic grass growing; and grain drying. 

Electric computers and data processing equipment, so 
necessary to the modern business world, require exact 
environmental control and electric energy is the most 
effective for such control. Industry has substituted 
electric power for many applications formerly powered by 
gas and steam. Several industrial processes uniquely use 
electricity: electroplating; metal refining; resistance 
welding; the reduction of aluminum, magnesium, and titanium; 
and the production of ammonia, chlorine, and oxygen (Sporn, 
1966, p. 4-7). 

Pollution free energy. ‘The industry and technology 
that produced the so called "good" things in life are also 
responsible for many of our problems (Feirer, 1970¥ ep te19))% 
Because of misuse of technology, our number one challenge 


is environmental quality (McCammon, 1970, p. 286). 


=~ — ets i 


fot ae a as 


gatnp Lhd seissataw fre aaa? nae. San manly 
ead?  e8osves, Jesis2<e/e <0 qeven ne ¥ sease 


joanis pistes Bad’ ghletep: {esol ws, bus & 


: : an ee 
; ° 2 —» Pe Ss : f® 
s22vyee waodel BetewegO CeleoctiG.6t =e goud off 
7 * 7 
7 > 2 
' @es er wos eval, Gee PéorBiaaw of? Soe ses OF Me esotv > : 
a : | 7 » a 7 
dew m nem (da0)) mive? .asace Umetinetige 7 
P et 7 
oa + o U be. pafoucme on oo or ‘set é ive we te VJ oy tA7 262 aod 
: “~ 
ot Sueur lieso® a0 Wea wes BnTieeae bea .gntiee> dp 


wnt boudtlite abide. a2 wt soiatots: peostavliqgé eer 
7 EM cme oCeeiane . effec 3a? Lorince Led tremutorrtvee ; 


—ruah) cecaee Dik var ‘ osaxa olson 
J 


firamings gtleuentsys alah fxg metogmou aiiros z 7 
~ 
Sottte eviane? ,2£7OW 260eh.si¢ Atepan eas vissnenen 


rs 

a, bemaat wei ce aa. ao. oF or PE at! si ae ehy6. i) i simeucetivas 
ol 

a dud iserst ‘ol, CLPes bee ievraos cone “tat evizoet2 - 

ae : seb 7 
ve Oene4eses CAI9V7S! hp etaeeo445 Load SOs ‘eweqg oli? oo 
ib 


7 7 7 : _ 
amy {isapse sonietiete Lelegeatoas <irieve® «eset d SOD Bee 


7 7 
: wwetG eet Tips hle Bae 133.0049 tideiqewosle ‘wiesitveds 


i a | 7 
ee al isa 4 will , ead) argue ¢ als bd aos ~~ oT: notraebes 6G i. J ? "his 


feck) aangro gas setts e etonne Go, @ar? swtorg Per as 


, . 7 ee? | a(t=s MRE 


’ Woe domiaast tome ‘pineal Raval : “yr aes a05) setts 2io% : 
wale aa weet me aanias aon Be pias ab 9 Serbo, 


7 7 _ 


aii ley i sere essai os " 


V2 

Leach (1965, p. 40) warns of the danger of pouring 
carbon dioxide into the atmosphere. The past century has 
seen the content rise by ten percent. This is fine for 
plants but not people. Furthermore, the increased concen- 
tration of carbon dioxide has created a green house effect. 
It stops some of the Earth's heat from escaping into space 
and in time the warmer atmosphere will raise the temperature 
of the seas with the result that plant life will increase 
and fish will move to cooler waters. The increased tem- 
perature will melt ice caps and glaciers thus raising the 
sea level and flooding large portions of now habitable land. 

Recent newspaper headlines warn of the dangers of 
pollution from internal combustion engines. During the 
last week of July, 1970, a white smog blanketed the city 
of Tokyo for five days. The smog was formed by the sun's 
ultraviolet rays affecting automobile exhaust fumes. It 
killed trees and shrubs and sent 81,000 people to hospital 
COkaer 1970)". 

Smog formed from exhaust fumes of automobiles and 
industrial plants in Los Angeles has been accredited with 
killing 100 acres of ponderosa pines. Pacific breezes 
carried the smog 80 miles to affect the trees (Faust, 1970). 

Electricity on the other hand, can be a "clean" 
source of energy--the production of which can be nonpol- 
luting. Although thermal electric plants contribute to air 
and water pollution, they continue to be used because of 


their efficiency. Hydroelectric plants are less efficient 
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3 
but are pollution free and as well benefit recreation; cfish, 


and wildlife (Stout, 1965, p. 28-29). Some may disagree. 


survey of Research 


"Teaching and learning in the area of electricity-—- 
electronics are complex processes about which little is 
understood (Baker, Fowler, and Schuler, 1967, p.- 54)." A 
survey Of research in industrial arts education attest to 
this statement. 

The U.S. Department of Health, Education, and Welfare 
(1957, 1961, 1962) have published three volumes of summaries 
of studies in industrial education. In total they summar- 
Zea 4) 335 BeUudi es conducted between 1930-1961. Only 98 
were in the field of electricity--electronics and of this 
number some 24 were concerned with developing and comparing 
methodology. | 

Although no studies mention the use of an operating 
automobile electrical system, one study did use an operating 
automobile engine to teach the internal combustion engine. 
Akers (1954) mounted a six cylinder Plymouth engine on a 
castored stand. Systems were color coded and windows cut 
at strategic points to permit student observation of the 
Operating engine. The engine operated on the rear three 
Cylinders. He concluded that the cperating engine held the 
students’ interest and attention and stimulated learning. 

Phi Delta Kappa is another organization that prepares 


Summaries of research in education. In the years spanning 
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14 
1953-1969 they reported 727 studies in the field of indus- 
trial arts education. Of the 30 studies involving electri- 
city--electronics some 15 were concerned with developing 
and comparing methodology. No reported methods utilized an 
operating automobile electrical system. 

Abstracts of Instructional Materials in Vocational 
and Technical Education (AIM) from the fall of 1968 through 
to winter 1970 make no mention of utilizing an operating 
automobile electrical system. 

Neither do the Abstracts of Research and Related 
Materials in Vocational and Technical Education (ARM) for 
the same time period. Furthermore, ARM report three reviews 
of research in Industrial Education, none mention the auto- 
mobile. Streichler (1966) reviewed dissertations, theses, 
staff studies, personal research, journal articles, year- 
books, and speeches from 1960-1966. He discussed 31 metho- 
dology studies; six “of which “concerned electricity—= 
electronics--not one mentioned an automobile. 

Suess (1969) reported at a national conference con- 
cerning research in industrial arts. His appendix included 
annotated bibliographies by Miller and Streichler. Miller 
categorized 43 staff studies and other non-degree research 
under the headings of: Industrial Arts Teacher Education, 
Teaching Methods and Media, and Status and Need. None of 
the studies involved electricity--electronics. 

Streichler commented on 336 doctoral theses completed 


in the years 1955-1968. Some 22 theses were in the area of 
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15 
electricity--electronics and 14 of these were concerned with 
developing and comparing methodology. Not one method men- 
tioned an automobile. 

Householder and Suess (1969) reviewed dissertations, 
staff studies, periodical articles, and reports of funded 
research from 1966-1968. Of the 65 methodology studies 
discussed, 12 were in the field of electricity--electronics-- 
but again no mention of an automobile. 

Householder (1968, p. 382) attributed the recent in- 
crease in methods studies to the availability of modes of 
instruction which had not traditionally been available. 

A search of the literature produced one reference con- 
cerning the utilization of automobile parts.to teach elec— 
tricity. Ruiter (1969) a lecturer in electronics technology 
uses a mock-up of a working automobile electrical system for 
building, performing measurements, and trouble-shooting, 
automotive electrical circuitry. Systems.are colored for 
easy identification. Parts are color coded to aid compari- 
son of interrelated devices. A heater blower motor operates 
the distributor to allow students to adjust the dwell angle 
and check spark plug firing on an ignition analyzer. An 
electric motor operates the generator to allow students to 
adjust the voltage regulator. 

Obviously this project is quite different from that 
proposed by this study. Besides being a mock-up and powered 
by electrical power, its purpose is to teach building, 


measuring, and troubleshooting automotive electrical 
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Circuitry. This is quite different from utilizing an 
operating automobile electrical system to teach selected 


CONC EPtsY OT Slectrici ty. 


Rationale for the Utilization of an Operating Automobile 
Electrical System as an Instructional Aid 


The Necessity of Audiovisual Materials 
Education is defined by Thorndike-Barnhart (1957) as 

the". . . science or art that’ deals with the»principles, 
problems; tete. of teaching andilearhning (p.7263)%" Smith 
(1968) reflects that: 

We know that learning is something people do for 

themselves; and people, places, and things can 

either impede or facilitate the process. Today's 

learner comes to school with a vast array of 

experiences and loosely related facts learned 

through active, dynamic, sensory involvement and 

discovery.’ This is a new kind of learner and only 

through modern media can he continue to learn (p. 19). 
Bruner (1960) sees the teacher's task as one of ".. . com 
municator, model, and identification figure (p. 91)" and 
this task " .. . can be supported by a wide use of a 
variety of devices that expand experience, clarify it, and 
give it personal significance (p. 91)." Both Smith and 
Bruner suggest the need for audiovisual materials. This 


section will present a rationale for the design of such 


materials. 


Guidelines for Designing Audiovisual Materials 


When planning and producing audiovisual materials, 


Kemp (1968, p. 10) suggests three areas of concern. 
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17 
Fundamentally there is a need to know: how people perceive 
things, how they communicate, and how theymilearnsansecondly, 
reports on research studies can provide evidence of effec-— 
tiveness of audiovisual materials. Thirdly, utilizing the 
preceding information one can then develop objectives and 
plan how to meet them. Therefore, let us investigate each 
of these areas and see what they advocate. 

Perception. Webster (1963) defines perception as 
"the act, state, or faculty of receiving knowledge of exter- 
nal things by the medium of the senses (p. 539)." This 
knowlege makes communication possible and communication 
usually results in learning (Kemp, 1968, p. 10). Kemp 
suggests that: 

of. esoan indivadueal reacts »to-only«a small partof 
all that is taking place around him at any one 
instance. He ‘'selects' that part of the world he 
wants to experience, or that attracts his attention 
at any one time. (Hence one needs to design mater- 
ials that will attract the attention and hold the 
interest of the learner.) The experience of per- 
Sepulon 15 indavidual and unique. It ds not exactly 
alike for any two people. A person perceives an 
event in terms of his past experience, present 
motivation, and present circumstances. 

Kassay (1969, p. 36) reminds us that the visual sense 
accounts for approximately 85% of learning and the aural 
sense 10%. Therefore in designing audiovisual materials, 
it is essential to provide desirable perceptual experiences 
involving these two senses. 

Communication. Webster (1963, p. 168) defines communi- 


cation as the act of imparting or sharing. Dale (1969) more 


specifically defines it " .. . as the sharing of ideas and 


Ab 


uosnaiee sivane — sect ae dees 2 - Sane “ft 7d 


yuemmnges avuiel “end wed! Pan jeFeas bmase quate oor 
s. aa 
~oertin to ocumbive efivedd bao setdute faiaoeies Me 


; ~~ 
oats eatsitien ,yibutst sefalaetas, Lewis fVOLeue 4 egoce" 
= a 
Ane asvicogtdod xStevelh’ Mane nay 346 colar? As anthes 
ee 

‘does edngitnevak Gi yet ietorst? «meds veem oe nom = 


etaoavbe. yedé begin eon Onn SadeR Ones | 


4 CP yt Sati: gk (E38! i= Pen 44 ont easins. - 
: F ‘ “= ee > ans - 
“kd 49 he LWOtA “AG Ia SPey woo; Yeusre t et 4, ere fa a7 oe 
ws 
ni Ta i é a ids 2 ser ; a 6 su - (8 ¥ i eyate7 
; ares) DAB ELeteead oft. sees Apa opelro rif 
: : 7 
J stOHt eG (oul! itt i ie pes) Oe eae Le iy shIGS'I yileue 7 
- a4 
pond sfoongin 
a Aaa, § 7 red Ce Gee’: - os the 36.5 G « 
S20 Vert Sine i Manis. sae €s Tew tip - 
7 Dane Saf Tua ttaT ane Di fun! ec -sttasent : 
Wes a0d2S oe MCR ae Fes. TO "Qiet84s7e Gi LE 
7 ae > ga a: wh PP Shean: 826: Sci, eee? a0 va a 22 
ane Hla La Goltenoess at 3 7a iitw tansy efe6 
~~ La 2 SULTS ys5 Gat i. Lis 7 oe ‘ Sih 70 24 benetnd 
Ysa NERS v-Tt ° >] q sii cel ur - 5 geil rust as att a6?qep 
ch daviuciss owen. A .eigour ont ihe ‘ot evita 
; 0 ee tg eeUiins 23049 hs li $6. aara? al 2eeve) a | 
: Lee UIad SiS tem Vhs Ors y  nelPevEe 
: : earee iauniv oF Ce ey aun (Pe 1G Yee! ) oeeesA 


a istic @€#2 Os Sahinast t ae VV (aoa neRow) 7c 7. 
bei 9 SehLT9S as i eats eypbhieks : ny Leg vess re -qn oie 
, i ; - 
| , — BS 0Noi Tegee ipusChoisg ee) cverse = tomelcll 
Z > . 7 — ; a : ‘i - 7 7 , hd a 
7 , : is a i - a : 7 = sSuse ong ere “s ‘iow . 
<  ) ‘a 7 
: aR sO ‘Renctoh ests a Toa t) om z “2 va ane De 


18 
feelings in a mood of mutuality (p. 10)." Kemp (1968, 
p.- 11-12) presents a model to illustrate the sequences 
involved in communication. 

A mental message originates in the brain of an 
individual. It is encoded into a transmittible form and 
passes through a transmitter (film, print, telephone, tele- 
vision) via a channel (light, page, wire, air) to a receiver 
(eyes, ears, nerve endings) where the message is decoded. 
When there is a response from receiver to sender it is 
called feedback. This allows the sender to correct his 
message and assist the receiver in decoding. Any distur- 
bance that interferes with the message is classified as 
noise. Where possible noise should be avoided, but if it 
cannot the factor of redundancy is often used to overcome 
its effect. 

In the design of audiovisual materials it is essential 
to be cognizant of where they fit within this communication 
framework and exactly how the process operates for effec- 
tive communication. 

Psychology of learning. Gagne’ (1967) defines learning 
as thoyeio.ca- change in’ human dispositionuor capability, 
which can be retained, and which is not simply ascribable 
to the process of growth (p. 5)." Kemp (1968 states: 

Since a major purpose for preparing audio-visual 
materials is to effect behaviors that serve objec-— 
tives, it is appropriate to turn to the psychology 
of learning for some help in locating principles 
that would guide the planning of effective audio- 


visual materials. Unfortunately, learning theory, 
as a body of knowledge, as yet has contributed 
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Cop aa to the design of such materials 
Pe e 


Gagne (1970) comments that it is necessary"... to recog- 
nize that learning theory as it exists today is a highly 
inelegant and unfinished entity (p. 51)." However, they 
both agree that learning theory does provide a number of 
useful generalizations. Therefore we shall now take a 
brief look at a number of learning theories, report their 
areas of emphasis and agreement as related to the design of 
audiovisual materials, and present a rationale for the 
utilization of an operating automobile electrical system to 


teach selected concepts of electricity. 


Learning) Theories 


Gagne (1970, p. 52-56) presents an overview of four 
learning theorists--Miller, Skinner, Gagne, and Ausubel-— 
whose ideas are important to designing instruction. 

Miller suggests four principles for effective 
instructions. ~motivation; cue, response, -andsercwarda silo 
be motivated the learner must want something. A cue in- 
volves noticing something. In response the learner must 
do something. As a reward the learner must get something 
he desires. 

Skinner is in agreement with Miller's principles but 
tends to be more specific concerning the importance of the 
eueting learning: asSkanner;calblsent stimulus control and 
imparts three further principles: shaping, successive 


approximation, and chaining. shaping applies to learning 
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motor acts. In practicing a motor response, reinforcement 
is such as to gradually shape response to be more and more 
exact. Successive approximation involves the learner 
responding correctly even as the prompts progressively fade. 
Chaining involves proceeding in a step-by-step fashion such 
that each step is connected with the others which precede 
it. 

Gagne presents two principles of learning. Initially 
he emphasizes eight different kinds of learning each of 
which occurs under a different set of conditions (Gagne, 
1967, p. 33-57). 

1. Signal learning. An involuntary behavior acquires 
a connection with some sort of signal. 

2. Stimulus-response learning. A specific stimulus 
produces a voluntary precise response. 

3. Chaining. The connecting in a sequence two or 
more previously learned stimulus-response motor learnings. 

4. Verbal association. A new learning is coded to 
one or more previously learned verbal stimulus-—responses. 

5. Multiple discrimination. One takes a series of 
stimulus response learnings and renders the stimuli for 
each as highly distinctive as possible to facilitate 
discrimination. 

6. Concept learning. One learns to respond to stimuli 
in terms of abstracted properties--color, number, position 
and shape. 


7. Principle learning. The chaining of two or more 
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21 
concepts. 

8. Problem solving. "Thinking out" of new principles 
using previously learned principles. 

Gagne's Second principle is that new learning builds 
upon prior learning and each new learning requires a minimal 
prerequisite. Related to his eight conditions of learning 
this means each condition depends on the conditions 
sequentially preceding. 

Ausubel proposes four principles of learning. 

1. Subsumption. New learning must be subsumed into 
a meaningful structure of already existing knowledge. 

2. Progressive differentiation. Content should be 
presented from general ideas to more specific ones. 

3. Consolidation. Ongoing lessons must be mastered 
before proceding to new material. 

4. Integrative reconciliation. New ideas must be 


related to old ideas. 


Learning Theories Related to the Design of Audiovisual 


Materials 

Upon reviewing these four theories of learning Gagne™ 
(1970, p. 59-60 proposes what would appear to be the most 
important events of instruction in the learning of prin- 
ciples, facts, generalizations, and rules. 

1. Initially attention must be attracted and main- 
tained. It has been known for some time that attention can 


be attracted by such things as change, novelty, and appeal 
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to dominant interests. However, somewhat less is known 
about the maintenance of attention. It is presumed that 
attention can be maintained by achieving a set goal which 
relates to one or more individual goals. 

2. Before undertaking new learning a learner must 
keep in mind or be reminded of what he already knows which 
is applicable to the new learning. 

3. Learning is guided by verbal or pictorial instruc- 
tions that suggest new principles without actually stating 
them. 

4. The learner must receive feedback. If the 
instructional objectives are clearly defined, the learner 
will be aware when he has accomplished each specific goal. 

5. Conditions must be established for remembering and 
transfer of learning. Remembering requires review. Trans- 
fer requires that the newly learned principle, fact, 
generalization, and/or rule be applied to carefully designed 
problems. 

6. Outcomes must be assessed frequently. Specifics 
need to be assessed more so than learning of the generali- 
ties. 

Kemp (1968, p. 12-13) cites Carpenter and Dale as 
additional writers who offer practical interpretations of 
learning theories. Although they offer a greater number of 
important events of instruction they relate well to the 
preceding conclusions of Gagne. 


1. Importance of motivation to the learner. 
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Carpenter (1957) states: 

eo + provided the stimulus materials are adequate, 

1.@., have stimulus values which fall above thres— 

holds of perception and cognition of perceiving and 

understanding, then the amount and kind of learning 

Ls predominately determined by the capacities and 

motivational processes of the individual learner 

rather than the stimulus situations. Therefore, 

1t would seem that the most important and persis-— 

tently basic task of teaching is to release, 

instigate, and increase such motivational processes 

and forces as interest, the need, desire or wish 

toe Learny( pen 363)% 

Ruiter (1969) suggests we: "Capitalize on student 
interest in automobiles to give meaning to basic electrical 
formulas (p. 64)." Akers (1954) concluded that an operating 
automobile engine held the student's interest and attention 
and stimulated learning. 

2. Personal relevance concept. Carpenter (1957) 
reflects that: 

Facts and principles, systems of knowledge and 

values, patterns of perception and motor skills 

all become alive and significant only within the 

context of individuals and the relevant parts of 

their Jlife.space? (p.0364). 
The automobile is certainly relevant to many as most of us 
accept it as a way of life (Alberta Motorist, Summer 1971, 
Da 44 

3. Individual Difference. Gagne (1970 states: "The 
site of learning is the individual's central nervous system. 
For this fundamental and unarguable reason, learning is 
individual (p.459) 


However, just what is involved in individual instruc-— 


tion is unclear to some people. Barnard (1969) comments: 
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Certainly there is a definite trend toward indiv-— 
idualization and self-instruction. But haven't 
industrial arts teachers always subscribed to the 
philosophy of individualized instruction? 
Teachers have always moved from student—to- 
student in the shop, observing and giving help 
when it was needed (p. 18). 


In clarification, Wolfson (1966) maintains: 


Merely permitting different rates of speed will 
not provide for individual differences. Essen- 
tially, individualizing instruction requires the 
teacher to encourage individual interests, allow 
for individual styles, and respond to individual 
needs (p. 32). 


Carpenter (1957) reflects: 


The question of how to achieve desirable common 
educational standards, while at the same time 
managing the problem of great individual varia-— 
bility, is a persisting problem for all educators 
including the professionals in the audio-visual 
field. . . . In this complex area, as yet reaching 
decisions as to how and when to use different 
audio-visual materials and methods is perhaps more 
of an art than a science (p. 366). 


Baker (1968) proposes that this means for industrial 
arts: 


If it is generally recognized that all students are 
different, it would also seem logical that no 
Single type of industrial arts program will be suf- 
PEC Tents tO: meet the meeds Of ali. logically then, 
the desirable industrial arts program will include 
many methods, a varied interest, a flexible system 
of presentations and a continual self-evaluation 
process (p. 13). 


4, Need for organization. Carpenter (1957) asserts: 


The processes of organizing separate facts and 
"bits" of information into meaningful cohesive 
wholes are of basic importance in presenting mat- 
erials to be learned. Given constant amounts of 
effort and time, organized materials advance and 
extend achievement more effectively than unorgan— 
ized or poorly organized materials. ... It should 
be clear to teachers as well as to students that 
the primary responsibility for learning any subject 


ee 
and integrating itlinto ia «life frame cis (that of 
the student. Getting students to accept the 
responsibility for their own learning, including 
organization, interpretation, and application of 
what they learn, is a major task of teaching 
(p. 367). 
Baker et al (1967, p. 72), in summarizing findings of 
12 research studies concerning electricity-electronics, 
found no method of teaching was clearly superior. They 
conclude that the organization of the course and its con- 
tent may be more important than the method employed. 
>. Participation and practice. Carpenter (1957, 
p. 367-368) declares: Audio-visual materials and methods 
have received widespread criticism for an alleged reduction 
Of Parvicipation and overt practice. This criticism springs 
from the lack of knowledge concerning the actions inherently 
involved in learning. Perception is activity. Hearing, 
seeing, thinking are activities. Abstracting, using 
symbols, deducing, generalizing, inferring, and concluding 
are all activities. In fact, the need in learning for: 
active interest, personal involvement, ‘sharing’, coopera-— 
tive effort and goal directed work, may not be satisfied 
by only overt action. 
Whitehead (1952, p. 166) feels that the inactiveness 
and passiveness required of students in most educational 
programs relates to our ineffectiveness. 


Bruner (1960, p. 72) alleges our mass-communication 


entertainment-oriented culture sees too much passivity and 


spectatorship. 
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Support for participation and practice is found in 
several surveys of research cited by Kemp. Hoban and Van 
Ormen (1950) surveyed experiments and studies conducted 
from 1918-1950 concerning the instructional value of motion 
pictures. Of their 25 findings, one related to "hands on" 
learning. They found that learning increases if the 
learner practices a skill while it is presented on the 
Screen providing the film speed is slow or the film stops 
to allow for practice. 

May and Lumsdaine (1958) report on a series of 
experimental studies between 1946 and 1954 conducted by the 
Yale Motion Picture Research Project. They also reported 
the value of participation by the learner. 

Travers (1967) reviewed studies from 1950 to 1964 
relating to the transmission of information through the 
senses. Among his findings he too found that participation-- 
overt or covert--results in increasing learning. 

6. Repetition and variation of stimuli. Carpenter 
(1957, pe 368) alleges that nothing absolutely new can be 
learned effectively with one exposure. Repetition 
reinforces and extends learning. Variations sustain 
attention, instigate interest, and broaden the pattern of 
learning. Repetition with variations provides time for 


learning and time for learning is essential. 


An Operating Automobile Electrial System as an Instructional 


Aid 


Many students are interested in automobiles (Ruiter, 
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1969) and an operating engine retains their attention (Akers, 
1954). Therefore, an operating automobile electrical system 
would appear to be a good motivational device. 

Because automobiles are so numerous and so many people 
depend upon them, an operating automobile electrical system 
should be relevant. 

Learning, however, is an individual matter and the 
value of an operating automobile electrical system as an 
instructional aid will vary among students. The instruc- 
tional activities can be organized in a meaningful manner. 
Students will participate in hearing, seeing, thinking as 
well as doing. Repetition and variation can be built into 
the instructional activities. 

Thus an operating automobile electrical system should 


be useful as* an ainstructional aid. 


Summary 


Although electricity has been serving mankind but a 
short time its contribution has been extensive. Efficient 
production, ease of transport, and flexibility have elevated 
electricity to the most important agent in our modern 
industrial system. From farm to factory, home to office, 
it te utilized in various applications. 

At a time when pollution is a key concern, 1t is sig- 
nificant that electricity can be a clean source of energy. 


Unfortunately at present, the most efficient method of 


production is the most polluting. 


A review of research in industrial arts education 
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28 
revealed little about teaching and Learnine in wineearea. oF 
electricity. Methodology studies are in the minority and 
few of these deal with electricity. In reviewing 5441 
studies in industrial education spanning the years 1930-1970, 
no mention was found of utilizing an operating automobile 
electrical system to teach selected concepts of electricity. 
Only two studies related to an automobile but both were 
Gafferent from this study. 

Because today's learner comes to school with a variety 
of experiences from involvement and discovery, it is gen- 
erally agreed that audiovisual materials are needed to 
further his school learning. The design of audiovisual 
materials must take heed of three main areas: how people 
receive knowledge, how they share ideas and feelings, and 
how they retain changes in their dispositions or capabili- 
bLes. 

From a review of various learning theories there 
appear to be a consensus on several events. Attention must 
be attracted and maintained. New learning must be related to 
previous learning. Without stating them, new principles can 
be suggested by verbal or pictorial instructions. Review 
and application of new learning is required. Assessment of 
outcomes must be frequent. 

An operating automobile electrical system should be 
relevant and motivating for many students. Students will be 
involved through several senses. Activities can be repeated 


and varied. Thus it should be a useful instructional aid. 
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CHAPTER III 


PROCEDURE OF THE STUDY 
The purpose of this study as previously outlined in 
Chapter I, was to design, produce, and test the feasibility 
of an instructional aid for the study of electricity at the 
Junior high school level. This chapter will discuss the 
design and production of the instructional aid. The feasi- 


bility study will be dealt with in Chapter IV. 


Design for the Utilization of an Operating 
Automobile Electrical System 


as an Instructional Aid 

The selection of an operating automobile electrical 
system as an instructional aid came about for two reasons. 
Primarily, confronted with the need to augment student 
interest in the study of electricity, it appeared plausibie 
that such a system might be interesting to many students. 
Secondly the study presented an informative challenge to 
the writer. 

Upon selecting the topic the preceeding task was to 
research a rationale to determine if electricity was a valid 
area of study and to determine if an operating automobile 


electrical system could be an instructional aid. 
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30 
Rationale for the Utilization of an Operating Automobile 


Electrical System as an Instructional Aid 

A review of research in industrial arts education 
revealed but two mentions of the automobile in teaching. 
Akers (1954) stated that an Operating automobile retained 
Student attention. Ruiter (1969) observed that many students 
are interested in automobiles. 

Upon reviewing various learning theories there 
appeared to be a consensus on several events necessary for 
learning. The event of attracting and maintaining attention 
could perhaps be accomplished by an operating automobile 
electrical system. Other events--new learning related to 
previous learning, suggesting principles by verbal or 
pictorial instructions, reviewing and applying new learning, 
frequent assessment of outcomes--could be provided for in 
the production of the instructional activities. Thus it 
appeared an operating automobile electrical system could be 


a usefulvinstructional.aid. 


Production of Instructional Activities Utilizing 
an Operating Automobile Blectrical oye tem 


as an Instructional Aid 


Identification and Selection of Electrical Concepts to 
be Taught 
In order to identify the electrical concepts to be 


taught this writer referred to the Alberta Junior High School 
Curriculum Guide for Industrial Arts (1969, p. 51-58) which 
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a 
contains the suggested course content for electricity. 

An operating automobile electrical system like most 
teaching devices was unable to teach a complete electricity 
course. Naturally only those concepts demonstrable by such 
a2 system were selected. 

Following is the curriculum guide's recommended topics 
and related concepts. The asterisk denotes those concepts 


selected. 


A. Uses of Electricity 


The conversion, application and control of energy is 
basic to the development and perpetuation of a technological 
society. 

i. *HeaAting* 

26 wulehnnings 


3. Motor (magnetic induction) * 


B. vsatety 


Safe attitudes and knowledge of proper procedures in 
the use of equipment and materials is vital to man's sur- 
vival. 

i. OPMachines* 


250. Clothing. 


GC. Sources of Electricity 


a) Electrical energy can neither be created nor 


destroyed but can be changed in form. 


b) Variables governing electron movement can be 


detected and/or measured. 
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it © Petron 
Generator* 
- Crystal Cartridge 
- Stoo lar 2c.613; 


2 

3 

4 

5. Thermocouple 
6. Batteries* 
7. Thermo-Electric Generator 
8 


- Fuel cells 


D. Controlling Electric Energy 


Electron movement can be controlled and manipulated. 
1. Circuit—-switches*, breakers*, relays*, fuses*, 
photo cells, resistors*--rheostat*, capacitors*, coils*, 
transformers* 
2. series circuits* 
sp uberallelL eLrcuite 


3 

4. Telephone circuit 
5s) Telegraph circus 
6 


. Teletype circuit 


E. Educational and Occupational Projections 


A productive society must prepare its youth to make 
realistic vocational choices. 


1. Guidance 


Instructional Activities 


Upon selecting the electrical concepts the subsequent 
step was to design and write a student workbook to facilitate 


the teaching of these concepts (see Appendix A). The main 
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portion of the workbook consisted of 14 activities each 
concerned with one or more related concepts. 
Activities were organized as Fouenen 
Meo, pOurces Oils BlLectried by 
1. Storage Battery--Discharging 
2. Storage Battery--Charging 
3. Generator 
Bey Controlling Nlectricity 
Ane? Thee Blecinie: Carcusst 
ree CUncuLieLOadsy andes Paths 
6. Protective Devices 
7. Relay 
6.» Solenoid 
9. Rheostat 
O. Step-up Transformer 
11. Capacitor (condenser) 
t2.e Ohm's: aw 
Ceya vt LeZacion 
igs, Lighting 
14. Motion 
Such an organization groups similar activities and logically 
leads students through concepts of: production, comurod. 
and utilization. However, the activities are written such 
that they can be used separately or referred to when they 
relate to a particular teacher's own outline of study. 
Students participate in hearing, seeing, af via ele a 2a 


as well as doing. Concepts are generally repeated and 
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34 
varied to provide for different learning rates. Students 
can stop when they have learned a concept, but should they 
require additional practice they can work through varied 
sections of the activity which deal with the same concept 
until they learn the concept. 

The inclusion of a pre-test allows those students 
who already know the concept simply to receive credit for 
their knowledge. Other students who know part of a concept 
may be able to work on part of an activity and receive 
eredit for the part they know. 

In addition to a bibliography sheet of suitable 
reference texts, the workbook also contains an Engine 
Operation Safety sheet and information sheets for measuring 
current, voltage, and resistance. 

A separate manual was written for the teacher (see 
Appendix B). It describes the physical setup Of the 
operating automobile electrical system utilized by this 
study. As well as outlining a procedure for the use of the 
workbook, a suggested safety program is provided. 

A photograph was taken to aid the reader in compre- 
hending the physical setup of the operating automobile 
electrical system (see Appendix C). 


The feasibility study is described in the following 


chapter. 
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CHAPTER IV 


PEA OLB LIyY STUDY 


Planning 
The terminating step of the study was to conduct a 
Simple feasibility study. It was assumed that if junior 
high school students could work through the activities and 
learn some concepts of electricity, then the instructional 


aid would be useful. 


Construction of Hardware 

When the topic of the study was initially selected, 
it became imperative to obtain an automobile engine. Upon 
making the need known to the students, a complete but col- 
lision damaged 1957 Chevrolet came forth the first week. 

The engine was removed and mounted on a metal stand. 
Before attempting to operate it, the engine was partially 
dismantled and checked. The cylinder head, pistons, starter, 
generator, carburetor and fuel pump were removed. Starter 
brushes were replaced. An exhaust valve was stuck and had 
caused three rocker arm supports to break. These were 
welded and the valve repaired. A cylinder ridge reamer was 
utilized and the ring seats cleaned. Upon cleaning all 
parts, the engine was reassembled. The exhaust system was 
shortened to include the muffler closer to the exhaust 
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manifold. With the addition of a Fadiator, battery, and 
small fuel tank, the engine was operable. 

In the early stages of the study, the instructional 
activities had been designed and tested, for the most part, 
on crude makeshift hardware. To facilitate student involve- 
ment much of the hardware had to be modified or re-built. 

An instrument panel was attached to the side of the 
supporting frame. It included: the speedometer; temperature, 
fuel and ammeter gauges; generator, oil, and directional 
indicator lamps; lighting, ignition, and door jamb switches; 
horn button; fuse panel; voltage regulator; and choke and 
throttle controls. Instrument panel lamps were mounted in 
the temperature and fuel gauges and speedometer housing. 

In rendering the components operable, often separated 
connections were color coded to facilitate re-connection. 

The heater circuit, “horn circuit, “and “brake circuit 
were mounted on movable upright panels with appropriate 
leads to join them to the engine electrical system. Circuit 
validity was maintained while attempting to simplify circuit 
identification. 

Mounts were designed for head and tail lamps. In 
order to simplify the headlamp circuit, one lamp was a high 
beam, the other a low beam. 

The fuel tank unit was mounted in a cutaway wooden 
box about the size of a small engine fuel tank. A hole, 


cut in one side of the tank unit housing, allowed observa- 


tion of the rheostat. 
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velection of Students 

The sample’ formthe feasibility tstudy “comprised esome 
52 boys from ten industrial arts classes at St. Brendan 
Junior High School, Edmonton. 

Because some of the activities required two partici- 
pants it was decided that all students would work in pairs. 
Initially, four students were randomly selected from each 
class. Students were told that their participation was 
entirely voluntary and five chose not to be involved. At 
the end of the first week, ten activities had been studied. 
However, random selection seemed unfair to some students 
who were working in other areas and the comprehensiveness 
of the feasibility study did not require it. Thus the 
remainder of the study was completed by asking for volun- 
teers among grade seven and grade nine students who were 


presently working in electricity and electronics. 


Control sot HotivitLes 

There was no particular order in which the activities 
were carried out. Activities were dispatched to students 
when the necessary hardware was made operable. The only 
structure was an attempt to have a variety of grade levels 
performing a specific activity. 

Upon beginning an activity, each pair of students 
received a loose leaf notebook containing: an Engine 


Operation Safety sheet; information sheets for measuring 


current, voltage, and resistance; and the activity they 
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38 
were to perform. 

The writer pointed out to the students the concept(s) 
and sub-concept(s). Their objective was noted and the pur- 
pose of the pre-test explained. They were encouraged to 
answer as much of the pre-test as possible and told they 
would receive credit for their knowledge. 

All activities were carried out during regular indus- 
trial arts classes. The writer was in the laboratory 
teaching the remainder of the class. Participants in the 
feasibility study received the same attention as their 


classmates. 


Data Collected 

otudents recorded on their activity sheet their names, 
time started and time finished. Upon completing the 
activity they were asked to write a comment comparing the 
activity to other activities in electricity. Those with no 
experience in electricity were asked to compare it to any 
industrial arts activity. 

While the students worked, the writer made periodic 
observations and recorded a comment as to how they approached 
their task and how they carried it out. 

Upon completing the activity, the answers were graded 
and discussed with the students. The results of their 
performance is summarized in table one. Comments concerning 


their performance will follow in chapter five. 
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TABLE I 


SUMMARY TABLE OF STUDENT PERFORMANCE 


instruchaonal Grade of Time taken Possible Actual 
activity student pairs in minutes grade grade 
#1 7 70 if by 
ae 9 65 Te 13/13 
g 13 13 8/13 
# 3 9 50 a2 py 2 
eel *8 60 92 San 
x7 90 92 31/59 
# 5 9 80 28 7/10 
i 80 28 26/28 
# 6 *8 80 27 WEAN 
a 80 27 Wei 
# 7 *7 50 13 9/13 
9 100 13 d7 V3 
9 72 13 a ae 
# 8 %8 50 9 9/9 
9 40 9 6/9 
# 9 *Qg 70 33 207 33 
#10 %8 120 8 6/8 
9 25 8 4/8 
444 x7 85 7 By | 
fs) 40 T 4/7 
#42 xQ 90 40 20/25 
443 «7 20 23 eI 723 
©) 70 23 22/23 
#14 ioe) 95 1 4/10 
"i oe. 10 8/10 
50 10 10/10 

N=52 


Note * Indicates the students randomly selected. 
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summary 

The terminating step of the study was to conduct a 
Simple feasibility study to determine if the instructional 
activities, that had been designed and produced, could 
teach selected concepts of electricity. 

An automobile engine was obtained and mounted on a 
stand. Necessary repairs and cleaning were carried out, 
and the engine made operable. Hardware was modified or 
re-built to facilitate student involvement. 

Fifty-two boys from ten industrial arts classes at 
St. Brendan Junior High School, Edmonton, comprised the 
sample for the study. Four students in each class were 
randomly selected. At the end of one week random selection 
was abandoned as it seemed unfair to some students. The 
study was completed by asking for volunteers among the 
grade seven and grade nine students who were presently 
working in electricity and electronics. A summary of 


student performance appears in table I. 
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CHAPTER V 
SUMMARY, CONCLUSIONS, AND IMPLICATIONS 


Summary 

Although electricity is a significant area of study, 
many students are apathetic in their inquiry. The general 
purpose of this study was to design, produce, and test the 
feasibility of an operating automobile electrical system as 
an instructional aid for the study of selected concepts of 
electricity at the Junior high school level. 

It was surmised that an operating automobile elect- 
rical system could be justified as an appropriate instruc- 
tional aid if it complied with certain requirements. Such 
requirements, it was conjectured, could be derived from 
learning theories. 

A review of learning psychology indicated an absence 
of real peincipras but it did propose a number of useful 
generalizations to guide the planning of effective 
instructional materials. 

Sparse deductions concerning the automobile, or any 
of its systems, as an instructional aid were unearthed in 
the literature. But it appeared that an operating auto- 
mobile electrical system may possess some of the require~ 


ments of an instructional aid. The remaining requirements 


could be instituted when designing the activities utilizing 
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42 
the aid. 

Bearing the requirements in mind, a student workbook 
of 14 activities was designed and produced. Concepts of 
electricity to be studied were selected from the Alberta 
Junior High School Curriculum Guide for Industrial Arts. 

The instructional activities were evaluated in a 


shorn feasibilisby ma tudy. 
Conclusions 


Purposes of the study 


the specifie purposes’ of this study, as outlined an 
chapter one, were accomplished. An operating automobile: 
electrical system meets some of the requirements of an 
instructional aid for teaching selected concepts of 
electricity. Although the curriculum guide listed a 
number of concepts, it was possible to state several that 
instructional activities could teach. Instructional 
activities utilizing an operating automobile electrical 
system to teach selected concepts of electricity were 
designed and produced. The feasibility study indicated 
that the instructional activities would teach selected 


concepts of electricity. 


Feasibility study 
Although this study was not designed to compare 


learning by alternate methods, it seems safe to say that 


some learning definitely occurred. 


Student reaction was generally favourable. The 
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43 
operating automobile electrical system was a relevant 
instructional aid for many students. Some students inter- 
preted the activities to be learning about the electrical 
parts of an automobile rather than selected concepts of 
electricity. However as the parts they mentioned--storage 
battery, horn relay, solenoid, capacitor-—-all demonstrate 
concepts of electricity, this was not misleading. 

Most students approached the instructional activities 
with some degree of keeness. The variation in degree related 
more to the students involved than to the activity. 

Five students chose not to cooperate and in each instance 
Other students volunteered to take their place. 

In some cases, especially grade nine, motivation 
decelerated when students encountered questions which 
required theiy personal research. For the most part the 
grade seven and grade eight students maintained their 
initial level of motivation. 

Only two students, both in grade seven, were able to 
complete a pre-test satisfactorily. Most students could not 
correctly answer any portion of a pre-test. 

The instructional aid presented an excellent oppor- 
tunity to reinforce practical safety, especially concerning 
carbon monoxide poisoning. 

With a simple feasibility study it is impossible to 
make profound conclusions. Where one pair of students 
encountered stumbling blocks another pair had no difficulty. 


However, it seems safe to say that there were problems. 
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Some activities contained too much research and too 
little "hands on" activity with the electrical system. 
Activities varied considerably in difficulty and in time 
required for performance. Some circuits, although 
simplified, were difficult to trace. The fact that elec- 
tricity involves a number of arduous concepts does not aid 
its: teachability. 

The workbook of instructional activities is by no 
means a panacea to the problem of teaching concepts of 
electricity, but it was interesting and educational to many 


people, especially the writer. 


Implications 


The results of this study should indicate that we 
have a wealth of inexpensive and relevant systems around us 
that should be explored as instructional aids. It is hoped 
that others will go beyond the feasibility stage and rigidly 
test and compare the learnings from such systems. 

Possibly we have been so concerned with buying the 
"latest system" to solve our problems that we have for- 


gotten to be cognizant of what 1s at our doorstep. 


suggestions 


Hardware. Because of the work required to design and 
produce such instructional activities, one may question far 
it is worth the time. To increase the efficiency of the 


instructional aid the writer would suggest the following 


idea. 
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Reduce a small automobile chassis to half its length 
and a width of about 54 inches. A number of industrial arts 
laboratories have a 60 inch side door. MThus one could move 
the automobile outside for operation or move it to other 
schools. Because the exhaust output of an automobile is 
too much for the exhaust fan system found in many) Gunsoret 
high schools, outside operation becomes convenient. Further- 
more, exhaust systems on older automobiles are difficult 
to maintain in a leakage free condition. 

If all the automobile systems were made operable, 
with appropriate sections cut away, the aid could also be 
utilized for the study of power and power transmission. A 
self propelled automobile would also be most realistic and 
probably add further motivation. 

software. Two activities in particular require 
special mention. Activity number four is quite lengthy 
compared to the other activities. It involves some eight 
different circuits. However, many students do not need five 
examples of series circuits and three examples of parallel 
circuits in order to understand the appropriate concepts. 
Students should be given the opportunity to complete the post-— 
test when they are prepared and not wait until they have 
worked through all eight circuits. 

Activity number nine takes considerable time because 
it necessitates some nine measurements with various meters. 
As well, students develop Ohm's Law in three instances. 


Although difficult to shorten in content, time would be 
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saved if students were more accustomed to using meters. 

further research. All of the students involved in 
the feasibility study were somewhat accustomed to following 
instructions prepared by the writer. Before adopting the 
student workbook on a large scale, one should test the 
readability and content of each activity with a large sample 
of students under rigid testing conditions. 

It may be beneficial to compare the results of student 
pairs working through all 14 activities with the results of 
student pairs completing just one activity. 

Upon analyzing the results in Table I it is evident 
that further research should investigate the optimum length 
of activities. In this case those activities with a possible 


grade of more than 33 were not completed. 
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To the Student 

This is a workbook of activities which requires you 
to work with an operating automobile electrical system. It 
is designed to help you learn some selected concepts of 
electricity. 

The activities are organized in like fashion. They 
begin with the statement of one or more concepts and sub- 
concepts concerning electricity. The objective of each 
activity is stated in such a manner that upon completion of 
the activity you will know if you accomplished the objec- 
tive. Your responses on a pre-test will determine your 
knowledge of the concept(s) and sub-concept(s) involved in 
an activity. You will receive credit for your knowledge, so 
work carefully through each pre-test. 

The last page of this workbook contains a list of 
appropriate reference texts. They will aid you in answering 
the questions asked through the activities. 

In each activity you are requested periodically to 
check with your teacher. These checks are essential! They 
are necessary for: your safety, the safety of equipment, 
and review or clarification of some learning experience. 

If you have to wait for your teacher, make good use 
of your time--read ahead and understand exactly what will 
be expected of you. 


Enjoy yourself! 
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Engine Operation pafety 


Date operated and 


activities undertaken 


Es 


Before operating engine; 


te Check yourselt tor 


dangling apparel. 


2. Check oil level. 


3. Check fuel level. 


4. if fuel tank requires 


re-filling, do so in the 


“absence of sparks or flames. 


Wipe up any fuel you might 


ogee hal ys 


Name- 
Date- 
Teacher- 


Consequences: 
1. Dangling apparel may 
catch in fan or generator. 
It may also hinder your view 
when working on some part. 
2. An engine will start and 
operate for a time without 
SULIICLent OLL, DU an 2G 
should seize it will be 
expensive to repair. 
3. wotopping to replenish the 
fuel supply is inconvenient. 
4. Gasoline, when exposed to 
the air, readily evaporates 
and forms a combustible mix- 
ture which could easily 


lignite in the presence of a 


spark or flame. 
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5- Check level of electro-— 


ey tesinethesbattery?s Sif 
level is below the top of 


the battery plates, check 


with your teacher. 


. 6 e 


Wash hands thoroughly 


‘after handling battery 


B. 


screw caps. 
7. Connect the exhaust 
pipe to the exhaust fan 


anceawitcn) tan 'voe'’on". 


While Operating engine: 


8. Wear a safety shield 


or safety glasses. 


9. Wear heat resistant 
gloves when working on areas 
of the electrical system 
which are close to the hot 


exhaust system. 


ext 
5+ A certain amount of water 
is necessary in the electro- 
lyte because oxygen (from 
the water) is required in 
the charging process. 
6. The electrolyte also 
contains sulfuric acid 
(H5SO,). 
7. Exhaust gases contain 
carbon monoxide, an odorless 
and deadly gas. One should 
not operate any engine in an 


enclosed area. 


Consequences: 
8. Theyowilleprotect your 
eyes should something fly 
off a rotating part suchas 
the generator pulley or fan. 
Safety glasses are a good 
precaution anytime you are 
around an operating engine. 
9. Severe burns can result 


from touching hot parts of 


the exhaust system. 
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ats 


10. Keep fingers away from 


moving parts such as the 


fan. 
11. Take care not to shock 
yourself or others with the 
voltage produced by the 

Len GLO icoi 

iets 
at the R.P.M. specified by 
an activity sheet. 

13. 


sparks close to a battery. 


Take care not to cause 


After operating engine: 


and give it to your teacher. 
ts. (iharn texhaustetan to 
Ow Lee 
Clean up oil 


exhaust hose. 


drippings. 


Only operate the engine 


Remove the ignition key 


Disconnect and store 
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10. If fingers contact a 
moving part such as the fan 
they will be severely in- 
jured. 
11. A person with a weak 
heart could be seriously 
injured. 
12. An engine not under 
load can easily be damaged 
by hien he... 
13. <A charging battery 


produces highly explosive 


hydrogen gas. 


Consequences: 
(Aine Snore toyed s elut 
"on", the battery will dis-— 
charge. 
15. Removal of unsafe con- 
ditions prevents possible 


accidents. 
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Information Sheet 


Conway and Automotive 
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Measuring Current 


In order to use electrical energy to do some kind 
orf work, the electricity must be set in 'motion'. 
This is done when an electric current is produced. 
This electric current is developed when many free 
electrons in a wire are moved in the same direc- 
tions(Maleaf, 71966,\ mp. 4-45). 


If 6,280,000,000,000,000,000 electrons pass a 
given point in a period of one second, the move- 
ment of electrons is referred to as an ampere. 
The ampere is the unit of measurement of current 
flow (Miller and Culpepper, 1966, p. 3). 
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An ammeter is a current measuring device (Miller and 
Culpepper, 01966, p. 26). 


Operating Conway Direct Current (D.C.) Ammeter 


Note--this ammeter will measure up to a maximum of 


amperes. 
‘An ammeter must be placed in series in a circuit. 
Switch the power supply of the circuit to "off" and 
separate the circuit at some point. 
Plug a black lead into the negative post of the 
ammeter and clip the other end to the side of the 
circuit going to the negative terminal of the power 
SUppLy « 
Clip a red lead” to the side of the cireult going to 
the positive terminal of the power supply. 
Read the procedure in steps 6,7,8--do not carry out 
these steps until you have the procedure clear and 
have checked with your teacher. 
Teacher approval. 
Turn the circuit switch to "on". 
Always carry out the next step beginning with the 10 


post. If it fails to give a suitable reading try in 


turn the 5,1,0.5, 0.1, 0.05, 0.01 posts. 
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Simultaneously touch the free end of the red lead to 
the _.. post and note the movement of the pointer. If 
it moves past the top end of the scale or moves to 
the left of zero, immediately release contact with 
the __ post. If it moves to the left of zero check 
with your teacher. If the pointer remains on the 
scale, maintain contact with the _.. post and take a 
reading. The following chart will aid you. 


Touch = post Read _— scale fo get corrected 


sixty 


reading: 
1 


The corrected reading indicates the amount of current 
in amperes flowing in the circuit. 


Operating Automotive Ammeter 


Note--this ammeter will measure up to a maximum of 
amperes. 

An ammeter must be placed in series in a circuit. 
Switch the power supply of the circuit to “off" and 
separate the circuit at some point. 

Attach a black lead to the negative terminal of the 
ammeter and clip the othervend to the sidevor the 
circuit going to the negative terminal of the power 
supply. 

Attach a red lead to the positive terminal of the 
ammeter and clip the other end to the side of the 
circuit going to the positive terminal of the power 
supply. 

Turn the circuit switch to "on". 

The scale reading indicates the amount of current 


flowing in the circuit. 
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Measuring Voltage 


The force which moves .. . electrons is exerted 
between the ends of the conductor. The force is 
usually a difference in the number of electrons at 
one end of the conductor and the number at the 
Other end. The excess electrons are constantly 
trying to move to the end where there are fewer 
electrons--in order to balance the number of 
electrons at each end. This difference in elec- 
trons is referred to as potential difference or 
voltage (Miller and Culpepper, 1966, p. 2). 


Operating Direct Current (D.C.) Voltmeter 


set the range switch higher than the voltage to be 
measured. The use of a range switch allows a Single 
voltmeter to measure voltages ranging from one volt to 
one thousand volts. When the range switch is set at 
one, the voltmeter will measure up to one volt. When 
the range switch is set at five, the voltmeter will 
measure up to five volts. When the range switch is 
set at one thousand, the voltmeter will measure up to 
one thousand volts. 

Decide which scale you must read and what you will do 
with the reading. The following chart will aid you. 


When range switch 


set at: Read __— scale To get correct 
reading: 
1 0-10 +10 
ets) 0-25 +10 
o) 0-5 x) 
10 0-10 sad 
25 0-25 al 
50 O-5 ake) 
100 O-10 #10 
250 Q-25 x10 
500 0-5 x100 
1000 O-10 x100 
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Seevrlug.aeplack lead into the negative or black post of 


the voltmeter and a red lead into the positive or red 
post of the voltmeter. 


To measure a source of voltage 
4. Clip the free end of the black lead to the negative 


terminal of the source of voltage to be measured. 

2+ Simultaneously touch the free end of the red lead to 
the positive terminal of the voltage to be measured and 
note the movement of the pointer. If it moves past the 
top end of the scale or moves to the left of zero, 
immediately release contact with the positive terminal 
and check with your teacher. If the pointer remains 
on the scale, maintain contact with the positive 
terminal and record the reading. 


To measure the voltage drop across a load in a circuit 

4. Clip the free end of the black lead to the negative side 
of the load. 

5. Simultaneously touch the free end of the red lead to 
the positive side of the load and note the movement of 
the pointer. If it moves past the top end of the scale 
or moves to the left of zero, immediately release con- 
tact with the positive side of the load and check with 
your teacher. If the pointer remains on the scale, 
maintain contact with the positive side of the load and 


record the reading. 


iene bow aL. 


“pet » han o 
tetemi Lov add 


wy by 30 putt 
SY Fo deatt eds. 0 sank vont ons 55 tae oes? 
 ertzw ede’ GS nit” ayhe Law ts e¢tH0a eat To 
5? eau! be> aA) Ye One mete sar deeos, yincosnetlonhe 
ave betwasan df of | gnaaee B09) De Jenesrind ever lnod) ode 
iy tent coven Te DE qieetiby 68 to Sheeoven edt econ 
fiel add of Sevrd-1) 4tate ad? to Ang 76 

suture? sete Laod 84? da iw tbagaoo saag let elataids 
anisens’ “576 ip) oh) ei iIGhr syog Agte Keir bom 
aveluebg aay a3im goeteua obey Lan \ecape ‘bar ne ae 
SENS Bhs aiees Lee iacthorce -. &, 


ay 


% 
7 - 
iD Ste SRO eth OSB T SA AO) Past ley por pyeeen SF 
‘Sh. a6) -o7- bre sale ail? I ims. gout eal? qtio 


vbegd ait To. 
4) 1 wis QRS Was “Giez _luvpeads mie 


aero GNF platy bUAL LAO, Bhg » Yt aman BYLScaqq On3 
ohne) anh to Ade nod Ede cae, lever at ti sweiharog od? 7 
we peaks isa vi Jhaemt -wabe- yo: 735] eM “43 aeron en - 
AV. 0 NAGY Bee Cepe O88 - 20 ghie Sy lI Laoq SAF Ste z< 
.¢ 2S". AS nO eelares wearioy aAg $Y undoket tue 
-_ bit Jepl 90 20 abies eVal dood Set atan Sintaoe alate a 7 
a | 7 — 7 ti capahdhon ‘br0ne3 a 


me: 


OV 
LU 


information Sheet 


Conway 


Be 


Te 


Measuring Resistance 


When there is movement, there is friction (except 
in a perfect vacuum). The movement of electrons 
through a conductor meets with some opposition. 
This opposition is called resistance. 

Resistance is measured in ohms. 

An ohm is the amount of resistance when one 
volt is needed to force one ampere through the 
material (Miller and Culpepper, 1966, p. 3). 


Resistance is measured by an ohmmeter. 


Operating the Conway Ohmmeter 
Ensure that any power source in the circuit is switched 
pd +5 3s Gig 
Clip ohmmeter leads to the terminals of the resistance 
to be measured. 
Rotate selector switch until pointer deflects to the 
right half of the scale. 
Zero adjust the ohmmeter. To do this, unclip a lead 
from a resistance terminal and clip or touch other ohnm- 
meter lead. Rotate the "0 Adj." knob until the pointer 
is set at zero. 
Reclip lead to the resistance terminal as in step one. 
Record the ohmmeter reading. 
To determine the resistance, multiply this reading by 
the number the selector switch indicates. For example: 
If the pointer reads 1.3 and the selector switch indi- 
cates R x 100K: 

R x 100K 

133 %- 10K "x" ohms 
1.3 x 100,000 130,000 ohms 

The resistance measured in this example would be 


130,000 ohms. 


"x" ohms 
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Checking Continuity with a Conway Ohmmeter 
A continuity test determines if a circuit or a part 
of a circuit provides a complete path for the flow of 
electrons (Buban et al, 1964, p. 436). 
1. Rotate selector switch to R x 1. 
2. Clip ohmmeter leads to the ends of circuit or 
part Of Circuly tome tested for convimiity. 
3. If the pointer does not move there is an open 
CirculG. 
Aeett the pointer deflects to zero there is 2 


elosed or continuous circuit. 
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Aetivity No.6). 


Concepts 
ive 


28 


Storage Battery--Discharging 


" . . . energy can neither be created nor destroyed 


but can be changed in form. 

Variables governing electron movement can be 
detected and/or measured (Department of Education, 
1960S ps 4)” 


pub-concept 


A discharging storage battery coverts chemical energy 


into electrical energy (Mileaf, 1966, p. 6-23). 


Objective 


Given an operating automobile electrical systen, 


appropriate references, voltmeter, and leads, student will: 


1. 


Oaks 
3. 


Pre-test 


demonstrate that electrical energy can be obtained 


from a storage battery 


define electrical energy 
measure and define voltage 


Select the statement which best explains each term. 


‘te 


Electrical energy: 
a) produces light by moving rapidly in solids, 
Liquids, or gases 
b) produces heat when its speed is increased 
c) produces magnetism by induction 
d) is the ability to do work possessed by a 
flow of electrons 
Voltage is; 
a) the electrical pressure or force which 
causes the flow of electrons 
__ b) the electrical pressure or force that an 
electron produces 
c) a measure of the electrical power of an 


electron 
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66 
__ ad) a measure of the electrical power of a flow 
of electrons 
[]3.- Check with your teacher. 

Activities 

__!|+ Review Engine Operation vafety. 

[J2. Check with your teacher. 

_.3- The instrument panel of the automobile engine contains 
several switches and dials. Select any switch and 
test each of its operating positions. Observe what 
happens and place switch in "off" position. Repeat 
this procedure for each switch on the instrument panel. 

4. Remove the cables attached to the terminals of the 
storage battery. 

5 Return to the instrument panel and again test each 
switch in all of its operating positions. Note the 
change. In step three each time you operated a switch 
you got a reaction--lamps glowed or flashed, fan motor 

. hummed, horn honked, the engine cranked over and 
started etc. Now you removed one item, the storage 
battery, and nothing operates. The energy that caused 
all the reaction in step three is called electrical 
energy. 

6. Consult appropriate references and define electrical 


energy. 


7. See information sheet Measuring Voltage. Set range 
switch at 25 and measure the voltage of the storage 


battery. Storage battery __ volts. 
8. Consult appropriate references and define voltage. 


[]9. Check with your teacher. 
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weweviy NOs 2. 


Storage Battery--Charging 


Note--Due to the nature of the activities involving an 
Operating automobile electrical system, the storage 
battery will often become too low in charge to start 


the engine. When this occurs the following activity 
can be carried out. 


Concept 
". e¢ « energy can neither be created nor destroyed 
but can be changed in form (Department of Education, 1969, 


fee a) aL 


Sub-concepts 

1. When a storage battery is charged electrical 
energy is converted to chemical energy. 

2. A storage battery does not produce electrical 
energy but it can store electrical energy because 
it converts it to chemical energy. When dis-— 
charging it re-converts the chemical energy into 
electrical energy (Mileaf, 1966, p. 6-23). 


Op Rective 
Given a trickle charger, appropriate references, and 
an operating automobile electrical system with a lead-acid 
storage battery too low in charge to start the engine, the 
student will: 
1. charge the storage battery sufficiently to start 
the engine 
2. compare the basic parts of a charged lead-acid 
storage battery to the basic parts of a carbon- 
mane ary, «cel i: 
3. explain in simple terms how a lead-acid storage 


battery charges and discharges 
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Pre-test 
Compare the basic parts of a charged lead-acid storage 
battery to. the basic parts of a carbon-zinc aryccell. 


bale 


_2. Explain in simple terms how a lead-acid storage battery 
charges and discharges. 


(J3. Check with your teacher. 

Activities 

__1- Review Engine Operation Safety. 

[]J2. Check with your teacher. 

3. Iurnm aenition key to "start". Note the engine will 
not crank over fast enough to start. 

m4.) Turn, tgnivion key to “ort”. 

_5- Remove cables from both terminals of the storage 
battery. 

6. CAUTION Highly explosive hydrogen gas may be present 
around a storage battery--especially during charging. 
To prevent possible sparks one should connect the 
trickle charger to the storage battery then plug the 
trickle charger into a 110 voll, outlet. Reverse the 
procedure to disconnect. (Gerrish, 1964, p. 25). 

7. Connect the charger to the storage battery. Clip the 
red lead to the positive terminal. Clip the black 
lead to the negative terminal. 

8. Plug charger into 110 volt wall outlet. 
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Place the trickle charger up to your ear. A hum 
indicates correct operation. If it clicks or bangs, 
unplug from wall outlet and check with your teacher. 
While the trickle charger is operating refer to 
appropriate references and: 
a) compare the basic parts of a charged lead-acid 

storage battery to the basic parts of a carbon- 

Zine drve celui, 


b) explain in simple terms how a lead-acid storage 


battery charges and discharges. 


After the storage battery has been charging for about 
an hour, unplug the trickle charger from the wall 
outlet. 

Disconnect trickle charger from the storage battery, 
wrap up the leads and put unit in storage. 

Re-connect the storage battery to the automotive 
electrical system. 

Check with your teacher. 
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ACtLVity “Now 3 


Generator 
Concepts 
1. “" . . . energy can neither be created nor des- 


troyed but can be changed in form. 
2. Variables governing electron movement can be 
detected and/or measured (Department of Education, 


1909. ae oe ji 


psub-concept 
A generator is a device which converts mechanical 
energy into electrical energy (Mileaf, 1966, p. 6-61). 


Objective 
Given appropriate references, an operating automobile 
electrical system, cutaway generator, D.C. voltmeter, auto- 
motive ammeter, and leads, student will: 
1. demonstrate the purpose of a generator 
_2. With the aid of a cutaway generator, explain the 
principles of operation of a generator 


Pre-test | 
1. Explain the principle of operation of a generator. 


[J2. Check with your teacher. 


ReEwlvitLes 

1. See information sheet Measuring Voltage. You will 
_ measure the voltage produced by the generator. 

2. Set range switch of D.C. voltmeter to 25. 
The "A" terminal of the generator is positive, the 
automobile frame or the generator housing is nega- 


tive. Voltage output of generator VOLES. 
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Review Engine Operation pafety. 


Check with your teacher. 

Start the engine and set throttle at 500 R.P.M. 
Voltage output of generator at 500 R.P.M. is 

volts. 

Observe the voltmeter as engine speed is increased to 
1500 R.P.M. Voltage output of generator at 1500 R.P.M. 
Tse Woeevolta. 

Decrease engine speed to idle and turn ignition key 
TOs uO dine 

Disconnect D.C. voltmeter and put unit in storage. 
pee information sheet Measuring Current. Using the 
automotive ammeter you will measure the current pro- 
duced by the generator. 

Disconnect the wire attached to the "A" terminal of 
the generator. Connect the ammeter. 

Start the engine and set the throttle at 500 R.P.M. 
Current produced at 500 R.P.M. is amperes. 


Observe the ammeter as engine speed is increased to 


1500 oh. Pi. .mCurrent-produced tat T500eRSP.M. is 
amperes. 

Decrease engine speed to idle and turn ignition key 

Con HOLE. 

Disconnect automotive ammeter and put unit in storage. 

Reconnect wire to "A" terminal of generator. 

Consult appropriate references and explain the prin-— 

ciple of operation of a generator. 


Check with your teacher. 
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ihe Electric Cireurs 


Concept 
"Electron movement can be controlled and manipulated 
Department of Education, 1969, p. 56)." 


sub-concept 

The electric circuit is the physical means by which 
electricity performs some work or function (Mileaf, 1966, 
pe 2-1)." 


Objective 


Given an operating automobile electrical system and 
appropriate references, student will: 
1. sketch and explain in terms of: source, control, 
path, and load any three series circuits and any 
two parallel circuits 


2. define an electric circuit and explain its purpose 


Pre-test 
_.1- Sketch and label a simple series circuit. 


2. Sketch and label a simple parallel circuit. 


45 Define an electric circuit and explain its’ purpose. 


(14. Check with your teacher. 
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Activities 


= 
sia 


Horne CLC. v 


Press and release horn button. 
Trace the circuit. 


Sketch and label: source, control, path, and load. 


Disconnect a wire from the horn relay. 
Press and release horn button. 
Explain the result. 


Re-connect the wire to the horn relay. 
Check with your teacher. 


Heater Circuit 

Fiap heater aan switch to "high"; “medium, them "low". 
Trace tne circuit. Flip switch Yorn: 

Sketch and label: source, control, path, and load. 


Disconnect the wire going to the fan motor. 
Flip heater fan switch to "high", "medium", "low", and 


back, tow tori. 
Explain the result. 
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Re-connect the wire going to the fan motor. 
Check with your teacher. 


Oil indicator tient circurt 

Review Engine Operation Safety. 

Check with your teacher. 

Turn ignition key to "on". Note oil indicator lamp 
glows. 

Start the engine and set throttle at 500 R.P.M. Note 
O11 indicator lamp goes off. 

Tum Agnition key to "off". Trace the circuit. 
Sketch and label: source, control, path, and load. 


separate the connector between the ignition key and 


-the oil andicator Lamp. 


Turn ignition key to “on". Observe oil indicator lamp 
and start engine. 

peu tinoOvlle au JOU RP elle, al. OW vO run. tor tave 
seconds then turn ignition to "off". 

Explain the result of step 8. 


Re-connect the wire to the oil indicator lamp. 


Check with your teacher. 


Fuel gauge circuit 
Note the position of the fuel gauge needle. 


Turn ignition key to "accessory". 

Manually operate the float on the tank unit and note 
the fuel gauge needle. 

Trace the circuit. 
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Sketch and label: source, control, path, and load. 


Disconnect the cable attached to the positive ter- 
minal of the storage battery. 

Manually operate the float and observe the fuel gauge 
needle. 


Explain the result. 


Tuan LTenlironekey Go ‘ori. 
Re-—connect the battery cable. 
Check with your teacher. 


“Courtesy light circuit 


Release left door jamb switch. Observe the result. 
Release right door jamb switch. Observe the result. 
Trace onevCilrcud u. 

Sketch and label: source, control, path, and load. 


Depress and lock left door jamb switch. 
Explain the result. 


Disconnect the cable attached to the negative terminal 


of the storage battery. 
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Explain the result. 


Re-connect the battery cable. 
Depress the loek right door jamb switch 
Check with your teacher. 


Tayi elven tee meus 

Pull lignting switch out to the first notch. lai 
lamps should glow. 

trace circuit. 


pketChvand Label: source, control, path, and load. 


Remove a tail lamp bulb. 


Explain the result. 


Replace the tail lamp bulb. 


Disconnect the tail lamp wire from the lighting switch. 


Explain the result. 


Re-connect tail lamp wire to the lighting switch. 
Push lighting switch to "off". 
Check with your teacher. 


Stop light CLrcuLt 
Depress brake pedal. Stop lamps should glow. 


Release brake pedal and trace circuit. 
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Sketch and label: source, control, path, and load. 


Remove a stop lamp bulb. 
Depress and release brake pedal. 
Explain the result. 


Replace the bulb. 

peparate the connector between stop light switch and 
the stop lamps. 

Depress and release brake pedal. 

Explain the result. 


Re-connect the connector between stop light switch 
and the stop lamps. 
Check with your teacher. 


Headlight circuit 
Pull lighting switch out fully. Headlamps should 


glow. 

Trace Circuit. 

Push lighting switch to. "off". 

Sketch and label: source, control, path, and load. 
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Disconnect a sealed beam unit. 
Pull lighting switch out fully. 
Explain the result. 


Re-connect the sealed beam unit. 
Disconnect headlamp wire from lighting switch. 
Explain the result. 


Push Ji shtine switch to "orf. 
Re-connect headlamp wire to lighting switch. 
Check with your teacher. 


Answer the following questions then consult appro- 


priate references to check your responses. 


Roslin: 


Define an electric circuit. 


Explain the purpose of an electric circuit. 


The horn, heater, oil indicator, fuel gauge, and 
courtesy light circuits are classified as series 
circuits. Formulate a general statement useful for 


distinguishing series circuits. 
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19 
The tail, stop, and headlight circuits are classified 
as parallel circuits. Formulate a general statement 
useful for distinguishing parallel circuits. 


Check with your teacher. 
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Activity No. 5 


Circuit Loads and Paths 


Concept 
"Electron movement can be controlled and manipulated 
(Department of Education, 1969, p. 56)." 


pub-concepts 


1. "The type of load used determines the amount of 
energy taken from the power source (Mileaf, 1966, 
p. 2-4)." 

2. "The resistance of a wire determines how much 
current will flow through the wire when it is 
connected across a voltage source (Mileaf, 1966, 
p. 2-19)." 

3. "The greater the cross-sectional area of a wire, 
the lower its resistance (Mileaf, 1966, p. 2-12)." 


Objective 
.Given an operating automobile electrical system, 
appropriate references, Conway ammeter, leads, and wire 
gauge, student will: 
1. demonstrate that the circuit load determines 
current flow 
2. explain how and why the circuit load determines 
current flow 
3. demonstrate that the circuit load determines the 


cross-sectional area of the path 


Pre-test 
__1. Explain how and why the circuit load determines 


current flow. 


[]2. Check with your teacher. 
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ACUIVIit res 
1. Press and release horn button. 
ued Tpace the carcuLt, 


3. Sketch and label: source, control, path, and load. 


4. See information sheet Measuring Current. 

5- Separate the connector in the wire between horn relay 
and "B" terminal of the voltage regulator. Connect 
the Conway ammeter. 

[]6. Check with your teacher before pressing horn button. 

__/- Press horn button and observe ammeter scale. 

__8. Release horn button. 

_ 9. Ammeter indicates a current flow of ___ amperes. 

__10.'Remove ammeter from the horn circuit. 

__11. Re-connect connector in wire between horn relay and 

"BY" terminal of the voltage regulator. 
ie. Pull lighting Swiuch Out to first motch. Tail amps 
should glow. 
igs. trace circuit. 
__14. Sketch and label: source, control, path, and load. 


15. Push lighting switch to "off". 
16. See information sheet Measuring Current. 
17. Separate tail lamp wire at lighting switch and connect 


Conway ammeter. 
(118. Check with your teacher before switching circuit "on". 
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82 
Pull lighting switch out to first notch and observe 
ammeter scale. 
Ammeter indicates a current flow of - = amperes’. 
Push lighting switch to "off". 
Remove ammeter from the tail light circuit. 
Re-connect tail lamp wire to the lighting switch. 
Consult appropriate references and explain how and 
why the circuit load determines current flow. 


Use a wire gauge to measure the gauge of the wire in 
the Norn circurcrana tall@-lvehs eircury.s 

= Norm circuit —"s * gauze” “2auge 

= tar reitecircurt — =) gauge 
Consult appropriate references and explain why the 
wire gauges differ in the two circuits measured. 


Check with your teacher. 
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ACGGiVi toy eNom Gy 


Protective Devices 


Concept 
"Hlectron movement can be controlled and manipulated 
(Department of Education, 1969) 0.056) a" 


pub-concept 


"Fuses and other circuit breakers are the major means 
of protecting against the dangers of short circuits (Mileaf, 
A900, (De2—-oo) 


Objective 
Given an operating automobile electrical systen, 
appropriate references, and a i2 gauge lead, student will: 
1. demonstrate purpose of a fuse and circuit breaker 
2. explain why short circuits are dangerous 
3. explain operation of a one-time cartridge fuse 
and a bimetallic circuit breaker 


Pre-test 
Explain why short circuits are dangerous. 


wai? 


_2. Explain operation of a one-time cartridge fuse and a 


bimetallic circuit breaker. 


(]3- Check with your teacher. 


Activities 


One-time cartridge fuse . 
1. Pull lighting switch out to the first notch. Tail 


lamps should glow. 
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3. Sketch and label: Source,) Control .ause, sath wand 
WoOads 


_4. Remove a tail lamp bulb. 

__o* Have a partner observe the fuse while you insert a 
screwdriver in the tail lamp socket and ground the 
power supplying lead. 

6. Explain the result. Consult appropriate references 
if necessary. 


7. Replace the tail lamp bulb. 
be spush Jientine switch to "ori. 
9. . Consult appropriate references and explain why short 


circuits are dangerous. 


[]10. Check with your teacher and ask for a new one-time 


cartridge fuse. 


Bimevallie circuit. oreaxer 

1- Pull lighting switch out fully. Headlamps should glow. 

2. Trace circuit. Note a bimetallic circuit breaker 
joins the battery terminal of the lighting switch to 
all other terminals. 

3. Sketch and label: source, COntrol sci rculupreaker, 


path and load. 
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85 
Note two terminals of the lighting switch are connected 
to the circuit breaker regardless of the position of 
the switch. Clip one end of a 12 gauge lead to either 
of these terminals. 
Ground the free end of the lead to the automobile 
frame. When the headlamps go off, release the end of 
the lead touching the automobile frame. 
Press the circuit breaker open with a pencil. Do not 
use your finger, the bimetallic strip will be hot. 
Note the result. 
Push®=liehtvinge~swetcn to ori’: 
Consult appropriate references and explain the 


operation of a bimetallic circuit breaker. 


Check with your teacher. 
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Activity No. 7 


Relay 
Concept 


"Electron movement can be controlled and manipulated 
(Department of Education, 1969, p. 56)." 


pub-concepts 
le A relay is a device which utilizes a low voltage, 
Low current circuit to control a large flow of 
curnent (Gerrish, 1964, p. 62). 
2. A relay converts electrical energy to mechanical 
energy. 


Objective 
Given an operating automobile electrical systen, 
appropriate references, ohmmeter, and leads, student will: 
1. demonstrate how the horn relay controls the horn 
Circus 
2. explain how a relay operates 
3. state at least two advantages of a relay 


Pre-test 
__i1. Explain how a relay operates. 


2. State at least two advantages of a relay. 


[]3. Check with your teacher. 


ACGLVILLES 
Remove the cover from the horn relay. 


__1- 


2. Operate the horn button and observe the action of 


the relay. 
3. Remove all three wires connected to the horn relay. 
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4. See information sheet Measuring Resistance. Use an 
Ohmmeter as a continuity tester to determine the rela- 
tionship of the three terminals of the horn relay. 

De Sketch a circuit diagram to illustrate how the horn 
relay operates the horn. 


__6. Consult appropriate references to check your circuit 
diagram and state at least two advantages of a relay. 


[]7. Check with your teacher. 
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ActSivityeno.ssc. 


polenoid 


Concept 
"Electron movement can be controlled and manipulated 
(Department of Education, 19695 pe. 56). 


pub-concept 
1. "A solenoid is an electromagnet with a movable 
SOlt ironecore (Glenn, 1967.0). soc). 
2. A solenoid converts electrical energy to mechanical 
energy (Purvis, 1960, p. 297). 


Objective 

Given an operating automobile electrical systen, 
cutaway 12 volt starter and solenoid, battery booster cable, 
lamp socket with 12 volt bulb, leads, and appropriate 
references, student will: 

1. demonstrate the purpose of a solenoid 

2. explain the operation of a solenoid 
3- describe at least three common applications of a 


solenoid 


Pre-test 
__1- Select the statement which best explains the operation 
of a solenoid. 

a) A magnetic soft iron core is attracted into a 
COLLIOL Wire. 

b) The magnetic field around a magnetic soft iron 
core moving into a tightly compressed coil induces 
an electric current in the coil. 

c) A current passing through a tightly compressed 
coil produces a strong magnetic field which draws 
a soft iron core inside the coil. 

d) A strong spring forces a soft iron core into a 
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_.*- Describe at least three common applications of a 
solenoid. 

[]3. Check with your teacher. 

Activities 

__1- Review Engine Operation Safety. 

[J2. Check with your teacher. 

__3- Remove the cable attached to the positive terminal of 
the storage battery. 

__4- Disconnect all three wires connected to the solenoid 
and, following their color coding, re-connect them to 
the cutaway starter and solenoid. 

—_>- Use the battery booster cable to ground the cutaway 
starter and solenoid to the automobile frame. 

mo. -Re-connect battery cable to the positive terminal of 
the storage battery. 

[]7. Check with your teacher. 

8. While observing the cutaway starter and solenoid, turn 
the ignition key to “ignition” for two seconds, then 
to "start" for two seconds, and then to "oft". 

er a) Describe what happened when the key was turned 

UO eben UL Onl. 
b) Describe what happened when the key was turned 
to "start". 

10. Remove the flexible copper strap connecting the sole- 

i noid to the starter. 

11. Use an appropriate lead to connect a 12 volt lamp to 


the solenoid terminal from which you removed the 


flexible copper strap. 
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Ground the 12 volt lamp socket to the starter housing. 
Turn ignition key to "ignition" for two seconds, then 
to "start" for two seconds. Repeat two or three 
times and then turn to "off". 

Consult appropriate references and: 


a) explain the operation of a solenoid 


b) describe at least three common applications of 
a solenoid 


Remove the cable attached to the positive terminal of 


‘the storage battery. 


Disconnect the wires connected to the cutaway starter 
and solenoid and re-connect them, following their 
color code, to the automobile starter and solenoid. 
Return battery booster cable and cutaway starter and 
solenoid to storage. 

Re-connect battery cable to the positive terminal of 
the storage battery. 

Check with your teacher. 
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Activity No. 9. 


Rheostat 


Concept 
"Electron movement can be controlled and manipulated 
(Department of Education, 1969, p. 56)." 


Ssub-—concept 
A rheostat is a device which controls electron flow 
eyececercus ta Pubamr eet als. 1964 .— 5. 104). 


Objective 
Given an operating automobile electrical system, 
appropriate references, ohmmeter, and leads, student will: 
1. demonstrate the function of a rheostat. 
2. explain how a rheostat controls electron flow 
Tie ee Circus 


Pre-test 
_ le, Explain how a rheostat controls electron flow in 2 


TOs FCUL bre 


[]2@. Check with your teacher. 


Activities 
Rheostat in circuit for instrument panel lights 
1. Pull lighting switch out to the first notch. Note 
the instrument panel lamps glow. 
2. Trace the circuit. Note the wirewound resistor in 


ri ete (oblate h Tain ri 
3. Sketch and label: source, control, path, and loads. 
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Rotate the lighting switch knob fully clockwise. Note 
the brightness of the instrument panel lamps. 

Continue to observe the instrument panel lamps as you 
Slowly rotate the lighting switch knob fully counter- 
clockwise. 

Describe the result. 


Push the lighting switch to "off". 

See information sheet Measuring Resistance. Rotate 
selector switch to R x 10. Zero adjust the ohmmeter. 
Connect one lead of the ohmmeter to a terminal of the 
wirewound resistor. Connect other lead to the movable 
contact which is rotated by the shaft of the lighting 
switch. 

Rotate lighting switch knob and observe ohmmeter. 
Explain the action of the ohmmeter. 


Consult appropriate references and explain how a 
rheostat controls electron flow in a circuit. 


Check with your teacher. 


Rheostat in fuel gauge CircuUuLt 


Turn the ignition key to “accessory”. 

Manually operate the float on the tank unit and note 
the fuel gauge needle. 

Trace circuit. Look in the hole cut in the side of 
the tank unit and note the wirewound resistor in the 
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Sketch fuel gauge circuit (see McGuffin, 1962, p. 78) 
and label: source, control, path, and load. 


Purn rena tronekey. to. "off". 

Disconnect tank unit from fuel gauge. 

see information sheet Measuring Resistance. Rotate 
selector switch to R x 10. Zero adjust the ohmmeter. 
Connect ohmmeter to the tank unit and manually operate 
the float on the tank unit. 


Explain the action of the ohmmeter. 


Turn ignition key to "accessory". 


“Use an appropriate lead to ground the "f" terminal 


of the fuel gauge to the automobile frame. 
The fuel gauge needle moved from to ° 


Remove the lead grounding the "T" terminal of the fuel 
ZAugse. 

Connect the tank unit to the "Tf" terminal of the fuel 
gauge and manually operate the float on the tank unit. 
a) When the float is up the fuel gauge registers. 
b) When the float is down the fuel gauge registers 
Tirie Lene tn Key boo Ors". 

Consult appropriate references, refer to fuel gauge 
circuit step 4, and explain how a rheostat controls 


eLectrom LLow in a Circult. 


Check with your teacher. 
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ACGIivViny Noe 10% 


step-up Transformer 


Concepts 


1. “Electron movement can be controlled and manipu- 
lated (Department of Education, 1969, p. 56)." 

é. "Variables governing electron movement can be 
detected and/or measured (Department of Education, 
19695 Dae) a! 


yub-concepts 
1. A step-up transformer increases the voltage in 
relation to the current (Gerrish, 1964; p. 95). 
2€e The ignition coil is a step-up transformer (Buban 
et al, 1964, p. 297-298). 


Objective 

Given an operating automobile electrical system, 
appropriate references, an 18 gauge lead, and a length of 
string, student will: 

1. demonstrate the action of a step-up transformer 

2. explain the principle of operation of a step-up 


transformer 


Pre-test 
eel. Explain the princuple of operation of a step-up 


transformer. 


[l2. Check’ with your. teacher. 


Activities 

mele Heview Eneine Operation Safety. 

[]2. Check with your teacher. 

| 3. Remove the wire connecting the center terminal of the 
-_ ignition coil to the center terminal of the distributor. 
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9? 
At the ignition coil disconnect the wire that goes 
t0.the distributor. 
Connect to the now vacant lgnition coil terminal an 
18 gauge lead that will conveniently ground to the 
automobile frame. 
Turn the ignition key to "start" and while the engine 
is cranking hold the free end of the lead close to 
the automobile frame. 
The approximate distance the lead has to be from the 
frame to produce a spark is oo anch 
Turn Seni tiom icey ato ott. 
Remove the 18 gauge lead and re-connect the wire from 
the GLsStributor’. 
The spark produced between the 18 gauge lead and the 
frame was forced by a voltage of about 12 volts. 
Voltage you will recall is: 


Take the wire you removed in step three and replace 
one end into the center terminal of the ignition 
coil. Secure about sixteen inches of string and tie 
it close to the other end of the wire. 
Turn the ignition key to "start" and while the engine 
is cranking use the string to move the free end of 
the wire close to the engine block. 
CAUTION--Keep body parts at least two inches from 

the end of the wire. 
The furthest distance the wire can be from the engine 
block and produce a spark is approximately ___ inch. 
A voltage of 15,000 —- 20,000 volts produced this 
spark. 
Mur ignition key vo Voli". 
Remove string and connect the free end of the wire to 
center terminal of the distributor. 
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__16. Consult appropriate references and explain the prin- 


ciple of operation of a step-up transformer. 


[]17- Check with your teacher. 
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Capacitor (Condenser) 


Concept 
“Electron movement can be controlled and manipulated 
(Department of Education, 1969, p. 56)." 


pub-concepts 


1. An application of a capacitor is to prevent 
arcing across the contact of an electric switch 
inv ayOaCsheinculpi(Mitear, 1966, pp. 3-115)> 

2. Condenser is an old name for capacitor (Gerrish, 
19645, ps.321)s 


Objective 
Given an operating automobile electrical systen, 
appropriate references, and a cutaway fixed capacitor, 
student will: 
1. demonstrate the use of a capacitor to prevent 
arcing across the contacts of an electrical switch 
Pare Cs CLT Cult. 
2. explain the construction and operation of a fixed 


paper capacitor. 


Pre-test 
__1. Explain the construction and operation of a fixed 


paper capacitor. 


[]2. Check with your teacher. 


ACtivities 
_1. Review Engine Operation Safety. 
[]2. Check with your teacher. 
3. Remove the wire connecting the center terminal of the 


ignition coil to the center terminal of the distributor. 
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Remove the distributor cap. 
Turn the ignition key to "start" and crank the engine 
for about five seconds. 
Observe the opening and closing of the breaker points. 
Check for an arcing across the points when they open. 
"The breaker points act as a switch that rapidly 
turns the current on and off (Buban et al, 1964, 
Peco! 
Turn the ignition key to "off" and remove the con- 
denser from the distributor. 
Turn the ignition key to "start" and crank the engine 
for about five seconds. 
The arcing is (more than, less than) in 
step five. 
Purnedenst1 ona keyeaou “ori. 
Replace the condenser. 
secure distributor cap in place. 


Replace the wire connecting the center terminal of 


the ignition coil to the center terminal of the 
distributor. 

Consult appropriate references and: 

a) @€xplain construction of @ fixed paper capacitor 


(see cutaway fixed capacitor) 


b) explain operation of a fixed capacitor 


Check with your teacher. 
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Ohm's Law 


Concept 
"Varlables governing electron movement can be detected 
and/or measured (Department of Hducatinon, 1969, 9. 54)." 


sub-concept 
Dinca G-clciveni tekthercurrent is: directiy proepor— 


tional to the voltage and inversely proportional to the 
resistance (Mileaf, 1966, p. 2-37)." 


Objective 

Given an operating automobile electrical system with a 
three speed heater motor, appropriate references, ammeter, 
voltmeter, and leads, student will make adequate measure- 
ments and calculations to illustrate the use of Ohm's Law 
in the three heater motor circuits. 


Pre-test 
‘Select the best response in each of the following 
problems. 

_.1. A heater motor circuit with a resistance of 4.7 ohms 
is connected to a 22 volt battery. The current 
drawn by the motor is approximately: 

__ a) 4.7 amperes 
b) 17.3 amperes 
c) 22 amperes 
fc) 1O2.ampercs 
2. The resistance of an emergency flasher is 2,6 ohms and 
it draws 2.3 amperes of current. The power supply 
must be approximately: 
- a) 6 volts 
b) 9 volts 
en iene os 
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If .an interior car warmer connected to a 110 volt 
outlet draws 3,7 amperes, the approximate resistance 
of the heater element is: 

_ @) 3-7 ohms 

pn 50 fohme 

Be fey 43.7 ohms 

_. 4) 106.3 ohms 

Check with your teacher. 


Activities 


Llilustrating Ohm's Law 

Hiip, heater switch to, “high"., 

trace, the cimouit. 

pketch and label: source, control, path, and load. 


see information sheet Measuring Voltage. Use a D.C. 
voltmeter to measure the voltage drop in the circuit. 
Voltage drop is ___ volts. 

Flip heater switch to “off”. 

see information sheet Measuring Current. 

Separate the connector in the wire to the motor and 
connect the Conway ammeter. 

Check with your teacher before flipping heater switch 
Go, "thei. 

Flip heater switch to "high". 

Ammeter indicates a current flowing of __—— amperes. 
Pilip heater. switch to, "opi". 

Remove ammeter from the circuit. 

See information sheet Measuring Resistance. Use 
ohmmeter to measure the resistance of the circuit. 


Ohmmeter indicates a resistance of ohms in the 
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Remove the ohmmeter from the circuit. 
Re-connect the connector in the wire to the motor. 
Apply your measurements to illustrate Ohm's Law. 


Check with your teacher. 


Calculate resistance 

Flip heater switch to "medium". 

trace theycircuit, 

oketch and label: source, control, path, and load. 


see information sheet Measuring Voltage. Use a D.C. 
voltmeter to measure the voltage drop in the circuit. 
Voltage drop is __—si volts. 

Flip heater switeh to “ofi". 

See information sheet Measuring Current. 

separate the connector in the wire to the motor and 
connect the Conway ammeter. 

Check with your teacher before flipping heater switch 
To Medium" . 

Flip heater switch to "medium". 

Ammeter indicates a current flowing of ___ amperes. 
Flip heater switch to "off". 

Remove ammeter from the circuit. 
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Use Ohm's Law to calculate the resistance of the 
Cirens ts 


see anformation sheet Neasuring Resistance. Use ohm- 
meter to measure the resistance of the circuit. 
Ohmmeter indicates @ resistance of |» . ohms in the 
CLEPCU1 i. 

Remove the ohmmeter from the circuit. 

Re-connect the connector in the wire to the motor. 
Check with your teacher. 


Calculating voltage 
Flip heater switch to "low". 


Mrace “THe, Carre ivi. 


Sketch and label: source, control, path and load. 


Flip heater switch to "off". 

See information sheet Measuring Current. 

Separate the connector in the wire to the motor and 
connect the Conway ammeter. 

Check with your teacher before flipping heater switch 
Bo "dow". 

Flip heater switch to "low". 

Ammeter indicates a current flow of ___ amperes. 
Flip heater switch to "off". 

Remove the ammeter from the circuit. 

See information sheet Measuring Resistance. Use 


ohmmeter to measure the resistance OL the Clreud ys 
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Ohmmeter indicates a resistance of ohms in the 
Cree ult. var 
Remove the ohmmeter from the circuit. 
Re-connect the connector in the wire to the motor. 
Use Ohm's Law to calculate the voltage drop across 
the resistors inthe circuit. 


perp heater Switen to “low".. 

see information sheet Measuring Voltage. Use a D.C. 
voltmeter to measure the voltage drop in the circuit. 
Vol tage .dropsts BE tvoirts:. 

Rly heater switch etom tort 

Remove voltmeter from across the circuit. 


Check with your teacher. 
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Lighting 


Concept 

"The conversion, application and control of energy 
is basic to the development and perpetuation of a techno- 
logical society (Department of Education, 1969, p. 52)." 


sub-—concevt 


Rapid molecular movement in some solids can produce 
light (Department of Education, 1969, p. 52). 


Objective 

"Electricity in the automobile is used for the opera- 
tion of several different kinds of lights (Buban et.al, 
1964, p. 299)." Given an operating automobile electrical 
System, appropriate references, and a Weston Master IV 
light meter, student will: 

1. 138t at Least six types of lighting circuits 
utilized 1n an operating automobile electrical 
system and explain the purpose of each circuit 

2. explain how light is produced in an incandescent 
lamp 


Pre-test 


_l. Sisteat Leastesix typesact lightingueircurtssutilized 
in an operating automobile electrical system and 
explain the purpose of each circuit. 
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_.¢- Explain how light is produced in an incandescent lamp. 


[]3. Check with your teacher. 
Activities 
1. Use light meter to measure the relative intensity of 


the headlamps when on "low" beam and "high" beam. 


Operation of Weston Master IV Light Meter 
Hold the light meter about 30 inches from the center 
of the lamp to be measured. Move slide switch to 


the right and the red needle registers the intensity 
of the light. When it stops moving, move slide 
Switch to the right and record the reading. 
"low" beam reading 
"high" beam reading 
2e What does the difference in intensities suggest as to 
' their purposes? 


3. Use light meter to measure the relative intensity of 
a tail lamp, stop lamp and directional indicator lamp. 
see step one. 

tail lamp reading 
stop lamp reading 
directional indicator lamp reading 

4. What does the difference in intensities suggest as to 

their purposes? 
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_.9+ In your study of controlling electricity through 
circuits and components, you encountered several 
lighting circuits utilized by an operating automobile 
electrical system. List at least six types of 
lighting circuits utilized by an automobile electrical 
system, and explain the purpose of each circuit. 


_.6. Consult appropriate references and explain how light 
is produced in an incandescent lamp. 


(]7- Check with your teacher. 
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Motion 


Concept 

"The conversion, application and control of energy is 
basic to the development and perpetuation of a technological 
society (Department of Education, 1969, p. 52)." 


Sub-concept 


"Electron movement resulting from induction produces 
mechanical energy (Department of Education, 1969, p. 53)." 


Objective 
Given an operating automobile electrical systen, 
battery booster cables, 12 gauge lead, cutaway generator, 
and appropriate references, student will: 
1. demonstrate how a D.C. electric motor converts 
electrical energy to mechanical energy 
ee rexplain- how a D.C. etectric motor’ tonverts 
electrical energy to mechanical energy 
3. list at least four examples in an operating 
automobile electrical system where electrical 


energy 1s converted to mechanical energy 


Pre-test 
__1- Explain how a D.C. electric motor converts electrical 
energy to mechanical energy. 


2. List at least four examples in an operating auto- 
mobile electrical system where electrical energy is 
converted to mechanical energy. 
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[]3. Check with your teacher. 
Activities 
"D.C. motors and D.C. generators have essentially the same 


components and are very similar in outward appearance. They 
differ only in the way they are used (Van Valkenburgh et al, 


1954, 


Ps 5-44)07 

Review Engine Operation Safety. 

Check with your teacher. 

Attach one end of a 12 gauge lead to the "F" terminal 
of the cutaway generator. 

Ground the free end of the 12 gauge lead to the cut- 
away generator frame. 

Clip one end of a red battery booster cable to the 
"A" terminal of the cutaway generator. 

Clip the free end of the red battery booster cable 
to the positive terminal of the storage battery. 
Clip one end of a black battery booster cable to the 


negative terminal of the storage battery. 


Touch the free end of the black battery booster cable 
to the cutaway generator frame. Release contact 
after five seconds. 

Describe the result. 


Un-clip the black battery booster cable from the 
negative terminal of the storage battery. 

Un-clip the red battery booster cable from the posi- 
tive terminal of the storage battery. 

Un-clip the other end of red battery booster cable 
from the "A" terminal of the cutaway generator. 
Return battery booster cables to storage. 

Disconnect 12 gauge lead and return to storage. 
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15. Consult appropriate references and explain how a D.C. 
electric motor converts electrical energy to mech- 
anical energy. 


16.0 Intyour study of! controlling electricity with eireuits 
and components you encountered several examples of 
electrical energy converted to mechanical energy. 
Check over the automobile electrical system and list 
at least four such examples. 


[]17. Check with your teacher. 
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To The Teacher 


The operating automobile electrical system. The learning 


activities described herein were formulated on an actual 
operating automobile electrical system. Whereas almost any 
engine would work, the author utilized a 1957 Chevrolet six 
cylinder engine mounted on a stand. 

The chassis wiring was realistic but simplified to 
facilitatesmeidentificationvand tracing of circuits and 
measurement of electrical properties. Often separated 
connections were color coded to facilitate re-connection. 

A Plymouth lighting switch was used because the 
circuit breaker was more clearly visible. In place of 
using actual automobile doors to operate the door jamb 
Switches, simple turnbuttons locked the switches open. 

Instrument panel lights were mounted in the open so 
that their brightness could be more easily observed. 

For realism the fuel tank unit was mounted in a cut- 
away box about the size of a small engine fuel tank. A 
hole was cut in one side of the rheostat housing to allow 
observation of its movement. 

A Ford three-speed heater switch and motor replaced 
the one-speed Chevrolet system to facilitate activities 
concerning Ohm's Law. 

An old Chevrolet generator, starter and solenoid 
were cutaway to facilitate observation of operation. On 
the starter, a flexible copper strap replaced the metal 
motor connector strap to facilitate removal by the students. 


A metal screen guarded the fan area. 


The activities. Each activity is organized in a similar 
manner and spaced in a meaningful sequence. You can 

decide whether to have your students go through each activity 
in the order presented or have them refer to different 
activities when such activities relate to your Electricity 
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course. 

Consultation with the student after completion and 
checking of the pre-test will allow you and the student to 
decide: 

a) that his or her knowledge of the concept(s) 
involved is such that it would be a waste of time 
to carry out the activity. Therefore the student 
should receive credit for his or her knowledge 
and proceed to another activity. 

b) that his or her knowledge of the concept(s) 
involved is such that only sub-parts of the 
activity be carried out. Student should receive 
credit for what he or she knows about the 
concepts(s). 

c) student must do the complete activity. 


The responses to the questions posed throughout the 
activities have not been supplied. This will allow you to 
better provide for individual differences among your students 
and insure that you go through the activities before the 
student to foresee some of the problems they may encounter. 


Engine operation safety. Many teachers may wish to design 
their own safety program but for those who do not, or for 


those who may appreciate another idea, the writer indicates 
this program. 

The student is given the sheet Engine Operation 
Safety. He or she is asked to study each step and think 
about the "consequences." When ready, student covers the 
"consequences" column, takes each step in turn and writes 
in his or her own words the "consequences" concerning each 
step. Student can check and correct his or her responses 
before consulting you. Together you go over the sheet. 
When you are satisfied he or she is aware of what to do and 
why, he or she signs the sheet, you date and initial it. 

In the upper left corner, record the date and activity 
undertaken. Staple his or her "consequences" to the back 
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of the sheet. Observe student, if you doubt his or her 
knowledge and appreciation, take whatever action deemed 
necessary. Each time he operates engine he or she must 
show you the Engine Operation Sheet with his or her "con- 
Sequences" stapled to it. You can ask questions at that 
time and record date and activity. If the student responds 
poorly, the complete "consequences" column can again be 
written out in his or her own words. 

This procedure indicates that the student is aware of 
the consequences of each step and the fact that the signed 
Engine Operation Sheet must be presented before each activity 
and the student must be prepared to respond correctly to any 
questions, helps to generate and sustain an awareness of 
the importance of safety. 


Meter safety. Each meter should be demonstrated to the 
student. After a demonstration most students will be able 
to safely use the ohmmeter and voltmeter. The ammeter 
however, can easily be damaged and probably you should 
require them to check with you each time (as indicated in 
the activity sheets) before switching power "on" in the 
circuit. 
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